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@ Vhese are but a few of the many stories that come to us 
every day, proving the advantages of using Ryerson Certified 

Steels. Since this higher uniform quality can be purchased 
without increased cost. we believe it will pay you to concen- 
trate with Ryerson. Remember the steel is in stock and Im- 
mediate Shipment is assured. Joseph T. Ryerson & Son, Ine. 
Plants at: Chicago. Milwaukee. St. Louis. Boston, Detroit 
Cincinnati. Cleveland. Buffalo. Philadelphia, Jersey City. 
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COMPOSITE 


by carbeon- 


arc wellins 


SE OF COMPOSITE MATERIALS IS 
U reflected in many and varied forms. Gal 
vanized wire, pipe and sheets combine the 
strength and low cost of steel with the corrosion 
resistance of zinc. Steel is coated with glass, 
rubber, copper, brass, paint lacquer, alloys for 
hard facing — all for the purpose of increasing 
utility and serviceability. 

The actuating motive is usually one of 
reducing the initial cost or the cost of use. Thus, 
copper-clad steel wire for railway signal bonds 
lasts 10 to 20 times as long as pure copper bonds 
of the same initial cost, on account of the 
resistance of the steel core to destruction by 
Nickel-clad steel used for making 


vessels to handle food products costs about half 


vibration. 


as much as solid nickel plate for the same pu 
pose. The composite has greater strength and, 
since only one side can possibly come in contact 
with food, serves the purpose exactly as well as 
solid nickel plate. 

The chromium-nickel alloys which have 
been developed in recent vears have found 
many uses. The 18% chromium, 8&7 nickel 
allovs now comprise the most popular group of 
stainless steels. The wider use of these almost 
noble metals is inhibited by their high price 
at $580 per ton base price, 18-8 costs roughly 


14 times as much as carbon steel For about 


aper (sliaql tly abrid yea) wi nh recei 


TALS 


By Robert E. Kinkead 
Consulting fr er, Wel 


\ Jevelanad. \ 


half the known uses, low carbon steel with a 
properly applied cladding of 18-8 would serve 
the purpose just as well as solid stainless L the 
price might be half as much for the composit 
material as for the solid stainless 

While the advantages of composites of low 
carbon steel and very expensive metals are 
striking, the economies of composite metals are 
by no means restricted by such cases. Thus, one 
ol the SCTIOUS probl Tris whic hy has bye Ch cncoull 
tered in the design and construction of welded 
steel machinery has been a lack of low cost 
composite metals. Machined surfaces on low 
and medium carbon steel are expensive as 
compared with machine work on steel having 
O.40°. carbon, and it is a fact that lubrication ts 
difficult and wear unsatisfactory for rapidly 
moving parts made of low carbon steel. Build 
ing up higher carbon, wear resistant surfaces 
by manual welding or even automatic arc weld 
ing machines is, in many cases, prohibitively 
eXPensive On the other hand, if the parts to be 
welded together are made of steel having the 
machining and wearing qualities of O40 car 
bon steel, it becomes necessary to preheat 
before welding to prevent the joint from cooling 
rapidly and crackin 

\ notable example is the problem of mak 


ing welded steel gear wheels lhe rim needs 
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to be O.40' carbon steel or above to cut the 
vear teeth successfully the remainder of the 
gear (arms and hub) may be medium carbon 
steel. The job of handling the assembly and 
welding it while hot is so difficult that most 
manufacturers prefer to buy cast steel wheels. 
If a line of bar sto k were available from the 
steel mills with say half of the thickness made 
of O40 to 0.50%) carbon steel and the remain 
der in the 0.15% to 0.25°) carbon range, most 
manufacturers would make their own gear 
blanks by welding. The rim would be formed 
hot with the higher carbon steel on the outside. 
fhe assembly of the gear wheel could then be 
made by welding the arms to the low carbon 
side without preheating. 

The above described composite would also 
be useful in welded steel machinery for guides, 
ways on planers, and in many other places on 
the machine where a surface is machined and 


subjected to wear. 
Adequate Bond Essential 


When composite metals are to be fabri 
cated, their usefulness is a function of the qual 
ity of the bond between the component parts of 
the composite, Unless the bond ts pertect, the 
metals may separate in fabrication or use. 
Thus, electroplating alone is always done after 
the metal base has been rolled and frequently 


after the article has been formed, assembled. 


and all of the cold work completed on it. The 
reason is that the bond is weak one of adhe- 
sion, not cohesion as in a weld. lo vet cohesion 
between the two elements in a plated composite 
it must be hot rolled. 

A further necessity is that the composite 
have a uniform and entirely complete bond 
between the components. Thus, even though 
WS. of the area of contact between the compo- 
nents is perfectly bonded by cohesion, but the 
remaining 2 of area is held only by adhesion, 
the composite will be commercially unaccept- 
able for many applications. Failure by buckling 
mav be expected to occur when the composite is 
formed so the surface component is placed in 
compression, or the defects may show up as 
raised “blisters” when the composite material 
is heated, either completely or locally. 

Che requirement that the bond in compos- 
ite metals be good for 100° the area of contact 
is the first and most important necessity. The 
second need is that the composite shall be made 
by low cost methods so that its manufacture 
and sale may vield a profit to the maker. This 
requirement immediately indicates that the 
metal should be operated on as early in the 
basic manufacture as possible. Steel is made, 
rolled and processed by the most expensive 
machinery in order to handle it on a mass pro- 
duction basis and produce it at a cost which 
promotes its universal use. The conclusion 


cannot be escaped that the time to make the 


Experimental Equipment Included a Planer Whose Bed Carried a Preheating 
Furnace and Whose Too! Carriage the Welding Head and Traversing Device 
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omposite Is while the metal is in the ingot. desired in the form of a metal wire d and 
slab. or in some cases the billet. If the metal is ising the metal-at weld ess is ote 
made composite here, it goes through all of the make bv carbo irc weld ) i\ 
subsequent rolling and processing equipment in 18-8 stainless surface. it is IY necessary 
n the steel mill which can handle it at hig! idd ferrochrome and nickel cost | t Se pe 
speeds and low costs. Ib. of 18-8 prod d. Mak 
Che two contrasting in 18-8 surface by depositi 
ises ol making nickel- ISN-S rod and meta ire weld 
clad ste el and electro () \ a preheated slab or ingot Wi ial nied tely 
plating copper on steel, of carbon steel is placed a volve a st of We to 60 
| . " ; ’ ; ’ 
later to be hot rolled, shallow pan containing crushed er Tb NE SAIMMESsS Sle 
ate ‘arg ent ad it tte! se. thr 
llustrate the argumel! alloys and slag-forming ingre- lat 
Nickel-clad steel is . ' y is ide al ed ‘ 
eis dients and the entire area M InG | edt 
made by rolling together } torn ~ tealole | We le 
traversed, automatically, by a 
solid nickel slabs and ) md = heavy { Th 
carbon-arc welding head f 
steel slabs: il l-in. thick ‘ . | volwve a | tive mie ims 
thin, sound lave of allov is 
nickel slab may be hie thod mae dies ription 
: thus formed and simultaneously 
rolled onto a 9-in. thick ind on which patent re 
steel slab. Thus. bv welded to the steel slab. and the De ding. the stainless steel is 
working on | sq.ft. ol composite is read jor the rolling It} cle a re ti\ thie ] ot 
steel 10 Ith. thick, SU mill, where itis further processed Siti thre I al niet il tS if 
sq.ft. of nickel-clad steel by conventional equipment. is the bas In this process 
s obtained when it is in adequate bond (weld) is 
rolled down to <-1n. srmultaneously mad 
thickness. 
‘ . ) , K ’ . 
In this thin plate, If of the thickness ts Alloy Made in Place 
nickel Compare the ease of the indicated 
yperation with the problem of electroplating Kxperimental production of comp 
0.013 in. of copper on 0.125-in thick steel for metals by carbon-arc weld has bes carried 
subsequent reduction 10 bv hot rolling if out ovel i period of two veal rod 
would be entirely prohibitive in relative cost, excessive cost of experimental apparatus, work 
because 8O times the area of the composite has been done on slabs where the depth = t 
nickel-steel slab would have to be operated on which the surface alloving extended could be 
In the steel making process, the metal ima thie from to Toon Large electrical apparatus 
ingot stage represents the lowest cost of the would have been required on thick ingots for a 
metal in the solid state. Value is added by all 20 depth of surface alloy and such apparatus 
of the subsequent operations It is most desu was not available 
able, therefore, to make 
he composite when the 'yvpical Data for 20% Cladding on 2-In. Slab 
metal is in the ingot stage 
( onsidering a rectangular = ANALYSIS OF SURFACI (OPERA 
ingot of low carbon steel, rypi ; Smee | Current Ary 
( Cy NI \ \L» PRETIEA 
ill that is needed to make en M \MPERI ' PAG! 
it a composite ts to add 1X8 0.08 (17.52) 8.52 gon” ToT 4 
the necessary alloving ele 1.08 15.00 8 HO 4 1s ' 
. i) ti 1S. 3 x Nii { Nib i") 
ments to the metal on the a} aps 
vu, ] f Sub, Nin ¢ \ j 
required surfaces to get 1X 8 TRiL 18.21 } | \ N ( TN he 
the desired chemical Vi TRL 18.20 34 9 40) 4 a r 1s ) 14 
analvsis. This may be v.07 LONE 10.68 Tt | ~ Qi ( Baie j 
Ss 19.9% 14] { | ( { | 
readily accomplished by 
o> 4 o.090 11.9 Ni ( Nibi { 
arbon-are welding. It 0.08 |12.59 aan? ¢ *y rR ' 
vould — be a roundabout 7C) 0.09 18 Qi? ¢ 1g00 ‘4 
ind relatively expensive 0.06 17.28 S00 1s 
process to coat the surface 20 Cr | O.12 . s ( 
ft the ingot with the alloy ase ; : “ 
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lhe experimental 
equipment is shown in 
the first halftone (page 
136). A “Tornado” car- 
bon-are head manutac- 
tured by Lincoln Electric 
Co. is mounted on the 
tool carriage of a 
planer. A motor and 
cam arrangement oscil- 
lates the head trans- 
versely to the bed. This 
cam was designed “* 
empirically to distribute 
the heat uniformly so 
that uniform depth = of 
penetration of alloy into 
the base metal was the 
result. The cam turned 
out to be asymmetric 
due to factors) which 
could not be calculated. 
Many composite slabs 
were sectioned, the 
penetration measured and the cam corrected accord- 
ingly. Current for the are circuit was obtained from 
a Lincoln S.A.E. 800-ampere welder for thin alloy 
surfaces, and from a special motor-generator for 
those currents, up to 3000 amperes, necessary for 
thick alloy surfaces. 

The view shows a furnace mounted on the 
planer bed. This is to preheat the slab and keep if 
hot while the are is working on it. Adjustable speed 
is provided on the planer bed. 

The operation for this experimental manufac- 
ture of composite metals may be briefly described in 
the following words: 

The slab (0.04% to 0.065 carbon steel with 
0.20% to 0.30 manganese) is put in the furnace 
and suitable ground connection made. The alloy is 
furnished in shallow pans. These pans are made of 
very thin, low carbon steel sheet and are melted in 
the process. Strewn on the bottom of the pan is the 
correct amount of alloy. In the making of 18-8, low 
carbon ferrochrome broken to 10 mesh is used, 
together with nickel shot. Molybdenum, columbium, 
manganese may be added, depending on the grade 
of alloy wanted. The pan is then completely filled 
with crushed slag, the height of the pan being 
designed so that when level full the right amount is 
present. This slag is composed of waste slag from 
an electric furnace in which 18-8 has been made, 
together with sand and calcium fluoride. The slab 
is now heated in the furnace with the alloy and slag 
in the proper location. An excess of slag is applied 








Completely Processed 14-Gage 
Sheet Clad With 17% Chro- 
mium-lron Alloy. (All micros 
with electrolytic chromic acid 
etch and 5% nital. This one 
is photographed at 100 diam- 
eters.) Grain growth of low 
carbon steel backing in this 
sample is rarely seen and rep- 
resents an incorrect heating 
cycle in the process anneal 
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Partly Rolled 18-8 Clad Steel, at 750 
Diameters, Showing in Greater Detail 
the Structure Where the Metals Join 


around the margin of the pans to keep the 
metal from flowing off the slab when the 
operation is in progress. 

The slab is heated, with the top of the 
furnace covered, to a temperature cf about 
1500" F. as determined by pyrometer. 
Welding is started after the cover has been 
partially removed and proceeds from one 
end of the alloyed surface to the other. A 
6-in. oscillation of the are and 20-in. travel 
was found suitable for obtaining the speci- 
mens required for testing the composite 
material throughout the complete rolling, 
processing and final testing. On 2-in. thick 
slabs 1800 amperes, 45 to 50 volts across the 
arc, 1.6 in. per min. planer bed travel were 
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ind suitable Under these conditions, thi required © sccount i thy d 


metal alloved would stav molten from three enceyv | irl due | differs 
juarters to the total length of travel, depend eflicient of tl 
inn the allov being made Lhis was found to be Os 
i verv import mt matter. After sectloning many lhe table ] 
illoved slabs, it was shown conclusively that nm l analvsis of tl ' 
lure of obtaining a pertect bond, over 100 posites made | 
f the area of contact, was ever encountered fairly ol a. the } 
vithout striking evidence being visible on thi lo produce allovs the f{ ’ 
rihace vill predetermined spr \ 
Thus thre process Was developed to thre CADE! tal ppara ~ is ‘ 
int at which there could never be anv uncet lo « trol, every 
tintv relative to this most important considera explored and the dif | 
Ol Any unusual condition resulting in thi des of commercial equi 
presence ol blow holes or slag inclusions s Reprod ced nerewtl ‘ | 
mmediately evident on the surtace of the raphs show thas iture of the bond be 
illoved metal This advantageous set of cond OW rbon ste ind the sta ess all vel 
ms would be predicted by anvone who had is tiie chitie i | battle ‘eit t a 
id experience with stale plivs 1 four { 
irbon-ar« welding tiie pond ‘ t «alan 
{ }?y 1N-S r " 
minder the conditions 14-4; Tid 86S occul ' ’ 
which this alloving ts bon base met ! NATIT \ mal 
done hie ht { iI il flat 
After Live alloving ‘ ‘ 1] 
peration, the slab is ‘ 
removed from the fur 
ic’¢ and cooled hie dead | I i 
slag Is easily removed I pped ay ‘ 
vhen the slab is cool r | d 
The subsequent opera posits etal fre 
ons in the making ol his defes d 














thre finished product 1 the 1] tio 
ccur about as follows e pres Db mt t! 
Ihe surtace of the x 
illov is given a= light SAS CL Ure - .* ‘ 
° - ‘ *4 - * , 
‘rind to remove scak if ‘ ad ° 
TI ae a 
' ‘es = . , + a j 
slab is then heated pre > : * : 
» ne 
> > aa 
paratory to rolling. — In ae ai , /, \ ~— J rth 
ig & = . 
the test slabs, cross roll 5; ?, Sy sx 
. e/ 4% . j 
“ was first done to oe he . wa 
e&.* 
redu ( ane rene } Or ey » « . 
‘ ul spl vd the ys ‘ . Cs 
, a a FF, 
illoy the long dimen Sia ‘ f 
sion went into the rolls > 
vaarallel to the axis of 
e rolls. Rolling was done in two stages, , ° 
> 
rst down to about 1s in. thickness; the - oes. 
piece was then allowed to cool. Later the v \ ... = 
ile rial was hot rolled on down to 1il.. I 
n.. or 1t gage (0.078 in.) The material , . 


is then annealed and pickled, md i \ ° 
me cases cold reduced down as low as a ft a : : : / ? 
At) re (0.0037 mn.). “ , 4 z . ” . Pa. ~ 
“~_ 
@ = 
; : 3 


No serious difliculty was encountered t . woe 
rolling Some sper 7 handling s . | 
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laver at the bond is characteristic of the process 
[hat this layer does not affect the physical 
behavior is shown by the bent and severely 
deformed material in the view below 

Many tests have been carried out in an 
ittempt to break the composite metals apart in 
the bond. None has been successful. The most 
severe is the “blister test”, where local heat is 
ipplied to the stainless side with an oxvy-acety 
lene blow pipe Ihe slightest defect in bond 
vill result in a blister where the metal is heated 
No such defects have been found. 

The reason for this perfect score is simple 
llad something gone wrong in the alloving 
operation, it would have been immediately dis 
covered and the defect repaired by metal-are 
welding, using a stainless rod, before the metal 
was rolled. There are no defects in the rolled 
metal for the reason that it would not have been 
rolled had there been any Further, in the case 
of 18-8, the martensitic structure in the bond is 
stronger than either the normal stainless or the 
carbon steel; it would not be expected that the 


stronger metal would break before the weaker 


Cost and Adaptability 


Lhe factors which comprise the total cost of 
making composite metal by this method are 


ones with which steel mills are accustomed to 


Samples of Composite Metal, Showtng Heavy Deforma 
lion Endured Without Failure Base metal in lowest 





deal so that cost of the product may be easily 
calculated Thus, the alloy cost for the 18°‘ 

chromium, 8‘+ nickel metal is roughly Se pet 
lb One 2500-ampere carbon-are will make 
about 2! lb. per min. of the alloy on the surface 
of a preheated slab. The power taken from the 
line is about 1.2 kw-hr. per lb. of alloy made. 
Carbon electrodes, slag, and other incidentals 
are almost negligible. Cost of preheating slabs 
may vary from $2 to $5 per ton Ihe cost of 
making the alloy on the surface of the slab is 
approximately 1l5¢ per pound for 18% chro 
mium, 8‘c nickel (ordinarily the most expen 
sive of the common stainless alloys) 

The out-of-pocket cost of material, heat, 
power and labor to obtain a 20° cladding of 
18-8 on low carbon steel, including the cost of 
hot rolling, is therefore on the order of S104 pet 
ton of composite. 

For costs of processing the composite 
bevond hot rolling a great deal depends on 
what is required. Pickling, grit blasting, cold 
reduction, polishing or other operations may be 
carried out at usual costs for these operations, 
known to those now making stainless sheet 

Since both the thickness of the slab worked 
on and the thickness of the alloy applied may 
be varied, the process is adaptable to composite 
metals by modern cold reduction having a very 


thin coating of alloy on one or both sides 


sample has been removed by acid, to show non 


planar character of bond on under side of cladding 
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HARDNESS OF STEEL 


as affected by 


the quench 


By Robert S. Archer 


PAPERS constituting the Symposium or ritical cool rate at ab 0) 
Hardenability of the 1938 American Society work showed a maximum rate of transf 

lor Mi tals’ Convention were of IMNIpPressive qu 7 il rbout OOO) | Ihis led rhe nvest ital 
tv and value. Instead of reviewing these papers (among others Jom l\* d Mor df 

sequence, we will attempt to present. th McQuaid, IIL) to iT rit Ira 
material arranged by topics. It was with the should be measured from about 1100° to G00" | 
hope of paving the wavy for this presentation Grossmann, Asimow and Urban (II cluded 
that the rather long introduction, which is fai however, that the “incubation time” begin: 
from being a complete review of the previous it about 1300" | s also important in determu 
status of the subject, was offered in last month's ing the penetration of hardin ‘eit ised the 
Merar PRrRoGress. ‘half-temperature time is the nificant 


period, that is. the time required to cool from 


Critical Cooling Rate the quenching temperature to a point half wv 
betwee! this temperature id that of the cool 
Most investigators agree that the critical medium. Grossmann was not determining crit 
cooling rate of a steel would be perhaps the best ical cooling rates directly. but this conclusior 
measure of its hardenability, but that the experi regarding the significant temperature range dur 
mental determination of this rate is too much ing quenching may also apply to the determina 
of a task for common use. “Critical cooling tion of critical cooling rates 
rate’ is the minimum rate which will cause the It is easy to sav that the critical cooling rat 
complete decomposition of austenite into mar is that which will “just prevent” the decomposi 
tensite. More exact definition is required, how tion of austenite to products other than mat 
ever, in respect to (1) the range of temperature tensile but no method is vet known for 
over which this rate is to be taken, and (2) the determining this rate without allowin sol 
basis for concluding that the minimum or decomposition of austenite to troostite to tak: 
“eritical” rate has been determined place Digges used as a criterion the forma 
Prior to the work of Bain and his associates tion of 3 of nodular troostite in his study of 
on the “Transformation of Austenite at Constant the “Effect of Carbon on the Hardenabilitv of 
Subcritical Temperatures” Transactions High Puritv lron-Carbon Allovs Transactio 
\.LM.E., 1980, v. 90. p. 117) it was commor ilaciininss: semnieniinn oles te ie tril 
(H. J. French, for example) to determine thr the svmposium, listed 1 page Ido 
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&. 1038, p. 108). Burns and Riegel (VIII) took 
a drop of 3 points Rockwell C below the maxi- 
mum value as evidence that hardening is no 
longer complete. 

In discussion of Grossmann’s paper, Dr. 
Sauveur objected to the recent practice of some 
writers of applying the terms “pearlite” or “fine 
pearlite” to the dark-etching, rounded constit 
uent associated with martensite when hardening 
is incomplete. This constituent is referred to by 
“troostite” or, 


others as to distinguish it from 


products formed by tempering, as “nodular 


troostite” or “primary troostite The present 


review is no place to discuss nomenclature, so 
“troostite” will be used, since Dr. Sauveur indi- 
cated that his recent questionnaire showed this 


to be in accordance with majority preference. 
“Critical Size” 
G. V. Luerssen (IX) points out the necessity 


of closely controlling hardenability and quench- 


ing practice in dealing with “light sections” of 
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Figures 1 and 2 
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From Paper Il, a 





half martensite and half troostite and where 
the Rockwell values are substantially below 
the maximum. 

In the symposium papers by Grossmann and 
his associates (II) and by Queneau and Mayo 
(VII) it is proposed to determine critical size by 
extrapolation, but the bases for extrapolation 


are somewhat different. 
Quenching Rate in Testing 


It is well recognized that the hardness dis- 
tribution in a quenched piece depends both 
upon the hardenability of the steel and upon the 
quenching practice. In most of the hardenability 
testing the attempt has been to standardize a 
quenching procedure and to describe it in such 
detail that it can be duplicated by others, This 
is the basis, for example, of the tests used by 
Jominy (IV) and by Burns and Riegel (VIII). 
Jominy quenches a round bar in a fixture on 
one end only and has measured the cooling 
rates at various distances from this end. 

Grossmann (II) apparently considered the 
standardization of quenching too difficult and 
proceeded to develop methods of determining 
hardenability in which the actual quenching rate 
can be deduced from the examination of the 


hardened specimens. 
Deducing the Quenching Rate 


This is perhaps the most important contri- 
bution of the paper by Grossmann, Asimow and 
Urban (II) and is based upon their observation: 
“The rate of change of the depth of hardening, 
as the bar size is increased, is characteristic of 

the severity of the quench”. 
The principle may be illus- 


trated by reference to Fig. 1 


Diagrammatic Representation of 
Etched Cross-Sections of Quenched 


toolsteel. — He 


“critical” 


carbon regards 
: . istic Curves” 
such sections as ‘ 


because a small change in the 


steel or the quenching will cause a large change in practical 


results, including such factors as surface hardness, toughness, 


quench-cracking, and dimensional changes. 


Phis is closely allied to Grossmann’s conception of criti- 


cal size as a criterion of hardenability. 


the diameter of a round bar which will just “harden through” 


on quenching, as judged by 


core shown by etching a transverse section. 


mean that the section is full hard clear through, 
mann and others show that the line of demarcation between 


the hardened rim and the core occurs where the structure ts is 


S.A.E, 3140 Bars, 


His critical size is 


the disappearance of the soft 


This does not 
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ind 2 of their paper, reproduced at the botto Like Grossmann, they qu d 
ol the preceding page. In ig, a the diamete diameters and measured jr | 
of unhardened core (Du) is plotted against the hardening as show by etched Ss s | 
diameter (D) of round bars of the same ste: their method of plot! fis s ( difl 
quenched in oil and in water. Two curves ar so that the lines in the tw :, veot De 
btained, one “characteristic” of the oil quence] bye mpared. They plot / Lins 
ind the other of the water quench, and indicat fh is the depth of the hardened e rad 
thre severly of the quench, which is measured of the bar. and D the di hele 1 tin Nay 
bv the “heat transfer equivalent” (H). Now it had previously pointed ¢ hat 
Ss possible that a given “characteristic” curve straight line, at least in son ca Wuenen 
mav be duplicated as to form with a different ind Mavo say that the greater part of their curve 
severity ol quench applied to a steel of different should losely approximate a stra { é 
hardenability. This will occur with equal values the basis of the previously ment do math 
of the quantity Hf-D, that is, the heat transfer matical treatment by Scott 1] lose | 
equivalent times the bar diameter. Such curves ipproximation is, and hie far | ra t dine 
vill, however, differ in dimensions, because of mav be extrapolated beyond | ts cle nined 
the different bar diameters involved. By mat bv experiment, is the important q 
characteristic curves both as to form and Even thouch the method { plot may be 
dimensions, it is possible to determine the heat differe! Grossmann’s rye d Mayo’ 
transfer equivalent (/7) of any quenching pi straight lines cannot both | ect. Strang 
ess applied to a steel of anv hardenabhilits ) en | thre ruthors 1 pol pia] ear 1 
viding measurements of unhardened cores have followed Scott cal Scott wv 
irious bar diameters of it are availabl Cl elpti il t] vite ad 
The paper unde! discussion includes nume! SSLO vVhich I Mided ead 
wus charts to be used in the ipplicatio { this ‘ ’ ‘ } lated mie 
principle. These have been 
verified to some extent by — . . (I ‘ 
ictual experiments, but are , / \ rnd 
based chiefly on math p » 
poe & 
matical calculations of a ?, j f a ree 
rather extensive and labo ( tal 
rious nature based on laws Zt / 4 J ‘ 
f cooling and on certain i ° \I 
issumptions, similar to at | ‘ 
those previously emploved E 
by Howard Scott in his bn ryved 
discussion of “Some Prob vr Phil al end 
lems olf Quenching Steel 2/4 
Cylinders” in Transactions ‘ rve at 
GS. 1954. p. OS. Objections 
may ay raised to these MN : M \ ( } 
issumplions on theoretical | 
srounds, and to the valid 
tv of all the calculations thus questioned. — [Thi | 
root of the pudding will be in the eat nd aiamet Reall 
is to be hoped that suflicient experiment ‘ tii ppel ‘ bn 
vork can be done to verify the charts, Ola | 1.0 that © M 
show anv limitations that mavy exist cl 
Grossn tha ( 
Hardened Rim Versus Bar Diameter i st harden 
Scott leu] d 
Closelv related to the ibove work 1s tha! res tS nadicate t it « 
reported by Queneau and Mayo (VII) Theil eis not alwa hed 
Fig. 8 shows their “hardenabilitv lines” tor al Ni ve all like tt 
S.A.] 1050) steel (jue ne hed in watel il dl nm Ol irves (at least rypcatine I ma 
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for this reason the relationship discussed by 
Queneau and Mavo offers further attractive pos- 
sibilities. The straight line seems to be valid, at 
least for certain steels in certain sizes. Probably 
the largest bar to which it is applicable should 
still have a completely hardened rim of sub- 
stantial thickness, while the smallest size should 
not come too close to being hardened cleat 
through, It would then seem that the slope and 
position of the straight line portion of the 
“curve” could be used as a measure of the sever- 
itv of the quench. The treatment of these straight 
lines would perhaps be more simple than that 
of Grossmann’s curves. No doubt further experi- 
mental work will be done which will more fully 


define these relationships. 
Ideal Quench 


The various measures of hardenability such 
as Grossmann’s critical diameter (11), or the dis- 
tance from the water-cooled end in Jominy’s test 
(IV) or the area under the hardenability curve 
of Burns and Riegel (VIID), have definite values 
only when related to 





quench possible from the particular medium 
employed, involving agitation and correctly 
directed flushing”. This applies to hardenability 
test specimens as well as to commercial parts 
or tools. 

The schemes of Grossmann and of Queneau 
and Mayo depend upon reproducing the severity 
of quench on the same steel in round specimens 
of different diameters. It is probably not as easy 
as one might suppose to maintain a fixed value 
of the heat transfer equivalent H when dealing 
with these various sizes, and any unintentional 
variation would result in variations from the 
calculated curves. This would be especially 
likely to occur when the severity of the quench 
is mild for the quenching medium employed. 


The Hardenability Specimen 


It was shown by Burns, Moore and Archer 
in their discussion on “Quantitative Harden- 
ability” in Transactions &, 1938, p. 1, that the 
experimental error in hardenability testing can 
be reduced to a fraction of the variation in 
hardenability which may 
result from normal chemi- 





specific quenching condi- 


lions. Grossmann shows 


cal segregation within a 


how the critical diam- "penta ING his paper in single ingot. In precision 


eter obtained under any 
definite set of actual 
quenching conditions can ope 
| 5 of hardenability, 
be translated into the 
hypothetical critical 


diameter for an “ideal 


last month's issue. describ- 


ing the development of a concept 


now analyzes various papers in 
the @ Svmposium on Harden- 


ability to show the diverse ideas 


testing it is therefore 
important to consider the 
analvsis of the specimen 
Vir. Archer . | 
rather than the heat 
analysis, and even the 


transverse segregation 


quench’, providing we within the specimen itself 
assume the validity of held about the experimental may have a_ substantial 
his caleulated cooling determinations to be made so effect on the results. 

relationships. The ideal that the essential information to The methods of Gross- 
quench is one ino which characterize each steel may be mann and of Queneau and 
the surface of the steel readily acquired. Mavo depend not only on 


is instantly lowered to 


reproducing the quench 











that of the quenching 
medium. The cooling of 
the interior of the steel is then limited only by 
thermal diffusion through the steel. This is 
the fastest possible quench, for which the heat 
transfer equivalent // is infinite, and is actually 
approached when water quenching clean sur- 


faces with vigorous agitation or high pressure. 


Reproducibility of Quench 


Luerssen (IX) very properly points out thal 
“most uniform hardening will result by so reg- 


ulating conditions as to obtain the most drastic 


but also on using the same 
steel in the different sizes. 
Consideration must therefore be given to trans- 
verse segregation to make sure that the various 
bars really represent the same hardenability. 
If the various specimens are taken adjacent to 
each other, longitudinal segregation should not 
he bothersome. 

When Jominy’s test is applied to carburized 
specimens, the question of transverse segrega- 
tion becomes one of carburizing practice, since 
any transverse segregation originally present 
(chiefly with regard to carbon) is probably offset 
by carburizing. When, however, this test is 
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Papers in the Symposium some steels | ) diss 


|. Paysics or Harpenasicitry. by Robert F. Veh! 


Il. Harpenasiviry, Irs RELATION TO QUENCHING ove a : : oN 
by M. A. Grossmann. Mi. Asimow and 8. F. U rba: ret as gra OM vont ‘ 
111. Errectr oF THE SILICON AND ALUMINUM AppDrTION His papers l . S. 15 
by M. J. R. Morris and H. W VieQuaid p. Si and 1 oe) Simla 
IV. Harpenasivity Tests. by Walter E. Jominy views have been expressed | thers 
\. Harpenasitity oF Low Curomitm STEELS. especially with reference | irbids 
by Walter Crafts and John L. Lamont spheroidized by | helow 
VI. Transverse Harpness Tests. by Gordon T. William- the critical hy, ad 1 
Vil Poe Harpenasiviry LIne. eo ee ee ORR 
by B. R. Queneau and W. H. Mayo as | a rie , 
Vill Harpenapitiry oF Plain Carson STEELS ened ; 
by John L. Burns and Glen C. Riegel — ge apes 
IX. Hiarpenapintiry iN Licgut Sections. by G. V. Luerssen In the stud | .arbide Son 
tion livpo-Eutectoid PI Carl 
d Low Allov Commercial Steels 
ipplied to uncarburized steels, it is to be ke pt the latter authors spheroid adosval steels 
n mind that the steel under test is the oute: by holding for 1114 to 150 hr. at T3800 to T3825" | 
one of the specimen where the Rockwell In steels up to ab Lt O10 irl tha report 
mpressions are made verv rapid solutio f carbides at temperature 
ibove the crit i! mid teel hat ‘ reclude 
Prior Structure the possibility that brides such steels ¢ 
lundont thre Ours i | sti ‘ 
lt is well known that the prior treatment two steels of 0 ind O.78 inl thie 
ind structure of a steel may affect the results lime required tor. en igh carbo | | 
obtained in hardening. It has been somewhat solution to develop full Rockwell | inher 
onfusing that the sam«e tvpe of prior treatment vas quite short Lhese hold let! 
S apt to have one effect on a hvpo-eutectoid indissolved carbides ind | er é 
steel and the opposite effect on a hyper eutectoid required fo thei np ti solutl ‘ 
steel This matter is nicely clarified by G. \ conclude that carbide size and distril i 
Luerssen (IX): “Normalizing results in a finer mportant factors the behavior of steels d 
distribution of carbide, easier and more com ng heating for hard but that the irbicke 
plete solubility in heating for quenching, and hyvpo-eutectoid steels d st ry ny nil 
onsequently deeper penetration provided, as cant part preve thie 1 ft the 
pointed out by Folev. that the quenchi ye ten rustenite ra Q)t thre stect tested bv the 
perature 1s high enough to absorb all carbide iuthors, Ive ere pla it tained 
This condition prevails on. steels up to the idium (Q.18 and 0.22 dit bal 
eutectoid composition. However, on hype m (O38 and O51 
eutectoid steels it is not the practice to heat for 
quenching over the A line. but rather to a Measures of Hardenability 
onsiderably lower temperature where appre 
ible carbide remains out of solution In these ‘ PER Method IPeSS nara 
steels the size and character of these excess f bility sed these Prec pray clude 
irbides have a marked influence on harden Es Sel La y Rate, ta 
ibility If the steel has been thoroughly sph is the rate from 1110 to 50 bo prod © mal 
roidized before heating for quenching, the lensite plus I troostil 
irbides appear to have little effect, and hard 2. C1 Size, the diamet d bat 
enability is of much the same order as a eutes vhich will just “harden thre dyed by 
toid steel of otherwise the same cCOMpositiol etchi Uri raoss-sectuio rie ene! luall 
However, if the carbides are extremely fine. as half martensite and half ti stite. ( m 
those resulting from a previous oil quench, the 7 lates the critica size tor tin deal 
tend to increase the critical cooling velocity by NnaNIWnul possibie quence! rate Vuen 
icting as nuclei for pearlite transformation, and ind Mavo find the critical e extrap 
onsequently shallower hardening.” tion) for some detinite que cond 
\ few vears ago McQuaid postulated that . Distance es ir ite 
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Critical Size Vs. Cooling Rate 


























OA ff /f : ; 
1 IN Vy ft /yi It is to be noted that the cooling 
5 08 200 77! li ; “a = 
" . Y/ f ly rate which results in 50° martensite 
= , 47 / se 
‘ 29N_ 5 ff / / / ain plus 50°. troostite (material which 
> 06 oe / / 25 , , . 
a 6 Af f ! } O etches readily on a cross-section) is 
C ¥ 5 f i / 23N much slower than the critical cooling 
§ O47 i f i G7! rate of Digges which results in only 
: / / wd ; : 
. ff / sf 3°o troostite. Furthermore, these two 
‘ / / 3 ; 
02+r f/f Jf) Jtf © rates are not necessarily proportional 
2 7 4 rs - a dete . 
= alle td dea in two different steels. 
“~ - Prd at LaF 3 i 
=—sa-— = . R. F. Mehl (1) presents an inter- 
004 0./ 02 03 040506 08/0 /4 20 25 ; Se : ; : 
esting and extensive analysis of the 


g¢ on Logarithmic Scale 
isothermal reaction rate curve, as 


Family of Calculated Master Curves for Isothermal Reaction 
justenite — Pearlite. Fig. 6 of Mehl’s paper (1). Computed on 
assumption that nodules of fine pearlite nucleate at austenite 
grain boundaries at rate N, grow as half spheroids by radial, retical conclusions indicate that the 


determined experimentally by Bain. 
Both the actual data and Mehl’s theo- 


F _@ , . ate G.t nite in ) an radius , . , ‘ . 7. on 
an-like ¢ vle nsic n at rate 1, in austenite grat $ of met n - jorm ot this curve varies In different 
a; time is t. Experiments, by Davenport and Bain (Transactions | i ‘Dl 

@. 1934, p. 894) on 117% C steel coarsened to various sizes of steels. { thus seems quite possible 


austenitic grain, match one such calculated curve almost exactly, to have two steels A and B such that 








indicating that assumptions are correct A will form 3°o of troostite at a given 4 
temperature more quickly than B, but 
end of specimen to point where Rockwell C require longer to form 50° troostite. Steel A 
value drops below a chosen specified value in would thus have a higher critical cooling rate 
Jominy’s test with fixed quenching conditions. (indicating lower hardenability) but a larger 
l. Area Under “U" Curve, the “area” in “critical size” (indicating higher hardenability). 
“Rockwell-inches” under the curve formed by Such important aspects of the problem as 
plotting Rockwell C values against distances the effect of chemical analysis of the steel, the 
across a one-inch diameter round. Fixed quench- mechanism of transformation of austenite to 
ing conditions. Used by Burns and Riegel (VIII). martensite, and the application of all these 
More complete “S-A-C” rating includes surface things to every-day production problems must 
Rockwell, area, and center Rockwell C values. be reserved for next month’s issue. 
3 





DESULPHURIZING IRON WITH CARBIDE 


From 1938 Annual Report of L. 5. Bureau of Mines 


; pos PRACTICE of desulphurizing molten reduced rapidly to a value approaching O.OL‘e. 
pig iron through the use of sodium = car- The method of treating the hot metal was 
bonate or of mixtures in which sodium = car- found to be important. To obtain efficient 
bonate is the active reagent has been revived utilization of carbide it should be mixed with 
in recent vears, especially in European coun- a suitable flux and allowed to react below the 
tries where it is the basis of important new surface of the metal bath. Sodium chloride 
furnace operations. As the allowable limit of was found to be as efficient as any flux tried 
sulphur in hot metal for the openhearth fur- (including calcium fluoride, calcium chloride 
nace is more carefully controlled, the use of and sodium fluoride) and has the additional 
supplementary methods of desulphurization in advantage of being comparatively inexpensive. 
the blast furnace ladle or hot metal mixer In laboratory experiments, the mixtures of 
is becoming more attractive. Experiments calcium carbide and flux were pressed into 
recently completed indicate that by the proper briquets and immersed in the hot metal by 
application of calcium carbide it may also means of a graphite and iron pipe holder. In 
be used to supplement the desulphurization plant practice a suitable holder might be used, 
obtained in the blast furnace, and that the or a laver of the mixture might be rammed 
sulphur content of molten pig iron may be into the bottom of a (Continued on page 180) 
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SOLIDIFICATION OF RIMMING STEEI. INGOTS 


X74 


John Chipman 


eran steel ingots has been ind because of the idequacy of ordinary etch 
ll 


) progress in England since 1924 and th ing methods for bringing out the fine details in 
nterim reports published by the Iron and Steel the rim zone In this study whole ingots o1 
Institute approach 2000 pages in total. Whil longitudinal sections cut from them were wate 
we have had nothing on this side to compare quenched from 1800" | ind annealed at 1300 
with this, some special problems concerning pil I’. to vield a fine structure of ferrite with small 
practice have been intently studied by certain rounded particles of cementite, and carefully 
American steel companies. lo this great mass pol shed sections were etched first il. then 
of information now comes a report of an inves repeatedly in diluted Stead’s reagent 
tigation on the solidification of rimming steel lhe structures found in the rim zone of th 
ngots which was begun in 1934 bv a committee nvgots included the sual “rim holes”. the famil 
of Jernkontoret (The Swedish Ironmasters’ iar elongated blowholes occurs n the lower 
Association). This paper was presented at the half of the ingot vidition a new structure 
fall meeting of the A. L. M. E., written by Pro was encountered which had not previously beet 
fessors Hultgren and Phragmén of Stockholm described; curved lines appeared which quit 
ind ably presented by the former. It appears obviously outlined the temporary contour of a 
destined to take its place among the classics of blowhole, thr is content tf wl had been 
metallurgical research. suddenly replaced by liquid metal. These “hol 
A careful review of the literature on rim contour lines” were observed in the sound skin 
ming ingots and ingot gases brought to light of O.US carbon steel ingots and the nearly 
some interesting historical information. One of sound rim zone above the level of rim holes 
the pioneers in this field, Fk. G. Miller, in 1879 Here also were “rim channels” or very small 
found hydrogen in the blowholes of an ingot pores which appeared to locate larger holes 
ind concluded that the holes were caused by that were nearly filled as soon as formed 
hydrogen In spite of the very clear proof fui lhus it appears that the existence of a 
nished by Bessemer that the gas sound skin on a rimmed ingot, the 
evolved from liquid steel is mainly phenomenon which makes rimming 
carbon monoxide, the hydrogen steel a comme! il success, must by 


regarded from a different vic ypoimt 


_ 


theory pe rsisted for many vears 


\t one time it was even deve loped than has heretofore been current 


nto the fantastic idea that the rim the production of a sound skin ts 
holes were formed by hvdrogen, ol a question f how to solidify 
the intermediate or deep-seated the shell without blowholes, but 
holes by carbon monoxide, and how to control its formation so that 


; 





he irregularly distributed core the blowholes which do form will 


holes by nitrogen or ammonia be quickly and completely refilled 
Early in the Swedish investigation a new Hultgren and Phragmen find that the struc 
technique was developed for studying the pri ture of the core of a rimmed steel ingot consists 
mary structure of low carbon steel The true mainly of globular primary crystals with scat 
primary structure is ordinarily not observed in tered irregular blowholes and one or more large 
a sectioned ingot because of the development axial holes accompanied by patches of segre 
of a secondary structure during the slow cooling vate Sloping lines symmetrical to the axis 
of the ingot through two transformation ranges suggest deformatiol Continued on page 188 
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Oul-Mirroring a Mirror 


{n assemblage of burnished steel balls 
reflect each other jewel-like and 
the spot light better than does the 
mirror, placed to form the back wall 
In such views the photographer is hard 
put to arrange the lighting so he and 


camera are not reflected in every ball 
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SALLS 


are = a 


im precision 


MAS REFERENCES from ancient litera 
4 ture will indicate that leather balls wer 


used in sport since time immemorial, and round 
stones are of course an ideal missile. Chinese 
writings indicated that that remarkable peopl 
not only knew about ball bearings but also had 
a method of manufacture, but this knowledge 
was closed to the outer world. The ball bearing 
as we know it today undoubtedly was one of the 
early by-products of the bicycle industry, eve 
though patents were taken out in England and 
America as early as 1860. In 1868 an English 
man, E. A. Cowper, suggested the use of ball 
bearings as a method of reducing friction 
bieveles, but did nothing toward using the idea 
Files of The Wheel World, an English pul 
lication, indicate that William Bown of Birming 
ham was the first manufacturer of commercial 
ball bearings. His patents, taken out with J. H 
Hughes in 1877 and 1880 caused a great deal of 
litigation, which he survived for several vears 
Che drawing on page 150, reproduced from 
this old publication, shows the construction; thr 
text indicates that the steel collar on the axl 
has a groove left on it, wherein 12 balls are 
placed. One of the outer cones is fixed in the 
housing, the other cone in the front bearing is 
adjustable. The text Savs: ~ The bearings, being 
made under Mr. Bown’s own supervision, aré 


finished in the most accurate manner, and ni 


hebruary. 


FOR 


BEARINGS 


By Hudson T. Morton 


( 

necessity exists for a distance to be ridden with 
suff or jerky bearings so as to weat 
them into shape Every part is fitted to a hai 
breadth” quits i fine tolerance t miust in 
admitted Singer & Co. of Coventry it one 
time the largest producer of bieveles in England 
had a standing order in 1880 with Wm. Bown 
for 20 ball bearings a day 

Balls and races were hand-made at this tim 
inder great secrecy It is said that the parts 


were made otf cast stee] mal some hined ley SIZE 


ind shape As a result the vere very expen 
sive, and bieveles using them commanded an 
extra price of JO shillings for this optional 
equipment \n important patent was granted 
to J. Harrington and HH. Brent in 1879 coverin 
hardened steel bushings o the inner shaft, 
fitted with grooves for the balls of a ball bear 
ng fhus we begin the use of hardened steel 
parts in ball bearings \\ Hillman later 
designed and erected a macl eat Coventry tor 
cutting balls from steel wir 

In ISSO besides William Bown of Birm 
ham. the following organizations ere making 
ball bearings in England Hillmia Herbet 
md Cooper; A.B. Beari Palin c 
ID. Rudge & Co.; and Singer & Ce Most of these 
lirms were manulacturi Len rr & ! 
or Birmingham 

While these I lis] ere il 
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ing ball bearings under great secrecy by hand 
methods and not worrying about interchange- 
ability of parts, Americans were busy designing 
and building machinery for production opera- 
tions on balls. George F. Simonds of Fitchburg, 
Mass., developed, patented, and built a machine 
for making round forgings from steel bars and 


wire, and his Simonds Rolling Machine Co. 


Redrawn Wood Cuts 


> 














name for this large international organization). 
In 1894 the consolidated bicycle manufac- 
turers under the trade name of Pope Manufac- 
turing Co. of Hartford, Conn., acquired the 
Cleveland Screw Machine Co. and moved its 
equipment to Hartford. During the subsequent 
depression the bicycle business declined and 
many cycle manufacturers and bearing makers 
had to close. In 1901 

the Standard Roller 


From “The Wheel World” Bearing Co. of Phila- 
Published in London, 1880, Showing Details of the 
First Successful Ball Bearings for Bicycle Wheels 


delphia was formed to 
acquire this scattered 
ball making equipment 





Wee 





a 





and has been in busi- 

F ness ever since. This 

u — company later changed 
——¥ 


its name to Standard 
Steel & Bearings Co., 





us 





made steel balls which were sold by the Ball 
Bearing Co. of Boston, Mass. Employees who 
left these firms organized the Fitchburg Steel 
sall Co. which was later sold to the Cleveland 
Screw Machine Co. of Cleveland, Ohio, which 
also acquired the rights on Richardson’s dry 
grinder and other ball making machinery scat- 
tered about the United States, most of which 
had been patented by John J. Grant. (In 1887 
Mr. Richardson of the Waltham Emery Wheel 
Co. of Waltham, Mass., obtained the basic 
patents on a dry grinder for making bali forg- 
ings round.) 

So much for the origin of the American 
industry. Some notes on the German industry 
are instructive: “About 1890 the Cleveland 
Screw Machine Co. designed and built for the 
Deutsche Watfen und Munitions Fabriken, of 
Berlin, Germany, equipment used in its original 
steel ball plant and this marked a most impor- 


tant step in the trade owing to the reputation 


for making high-grade balls that was later 


acquired by this firm. The machines built and 
shipped to Germany had no reference to Ameri- 
can manufacturing rights, and the Cleveland 
Machine Screw Co. continued to operate its 
plant in the usual way.” Thus the German ball 
business was dependent upon American inge- 
nuity for its start and the above mentioned 
company employs the trade mark “DWE” as a 
part of SKF Industries, Inc. (the American 





moved to Plainville, 





Conn., and merged in 
1923 to form a division 
of Marlin-Rockwell 
Corp. by which name it 
is now known. Connecticut was the heart of 
the bicycle business; New Departure, the bear- 
ing division of General Motors Corp., starting 
early in Bristol in the manufacture of axles and 
coaster brakes. 

In 1906 L. J. Hoover left the Standard Roller 
Bearing Co. to form the Grant and Hoover Co. 
of Merchantsville, N. J., to manufacture high 
grade steel balls. His associate John J. Grant 
was the designer and patentee of most of the 
ball making machinery then in use in the United 
States, while Mr. Hoover was familiar with the 
sales and management features of the compa- 
nies. This company continued in business for 
several vears until purchased by Otto Schaum 
and associates and moved to the Schaum and 
Uhlinger Co. at Philadelphia. This firm is now 
the Fletcher Works, manufacturers of looms 
and hydro-extractors; the ball company was 
reorganized and called Atlas Ball Co. In 1918 
SKF Industries, Inc., purchased most of its stock 
and continues to operate the Philadelphia plant 
under the old name for the production of high 
grade balls. 

As to the formation of the writer's company, 
it occurred in 1913 when L. J. Hoover in col- 
laboration with ten residents of Ann Arbor, 
Mich., formed the Hoover Steel Ball Co. Its 
early success was due to its high quality product 
during the War when balls could not be 
imported from Germany. By contracting with 
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machine tool builders for their entire output of first 000 miles, thoroughly clean all dirt out of 


ball-making machinery the Hoover Steel Ball the crank case and fill with fresh oil Lhere 
Co. was able to expand rapidly even during the ifter the automobile ran much better 

War In 1924 the Imperial Bearing Co. of The use of automatic machinery in ball 
Detroit was acquired with its equipment for making has improved the quality and uniform 
making tapered roller tv of balls surprisingly and they 
bearings. Lhe present whieve tolerances unheard of in othe 
name, Hoover Ball & Beat \dustries Dur the 19th century 
ing Co., is in keeping with the advertising literature of ball manu 
the scope of present pro fe facturers talked about balls within a 


duction tolerance of one thousandth of an inch 


or less In 1907 Henry Hess of Hess 


Characteristics of a Bright Co (later consolidated with 





Good Ball other companies to become a part of 

SKF Industries, | published in 

Thus far nothing has LE LET PE pls ON PY I 
been said about the qual- oft Wi aton’ | aici, ste: ihaaieeealinatilaes 


ity of steel balls. lests of Professor Stribeck’s paper coverin 


j S&H ’rofe . 
run in | ' by Professor the load ratings of ball bearings and 


Bovs and published in 
; ive ms own com 


it} this COoOnneCt 


Paros . Batt 
Proceedings of the British ments derived from experience in th 


Institution of Mechanical 


manufacture and use of ball bearings 


Engineers showed that the eae ae eee 


ball bearings of a bicycle : 
. hie requirements iat i ball are 


wore rapidly during the 





: ; 1. Truth of shape and size. The pet 
first 500 miles of use and 





missible limit of error will vary with the 

the oil became filled with diauaitts olf tise mateatn lies dtaniitiiadl ‘tlhe 
fine steel particles while better the latter. that is { iw the smalle 
the races became grooved its deformation under a given load. the 
and had aé high luster. more accurate must the ball be. It is evi 
After cleaning the balls dent that, were a bal » much larger than 
and races the test was its fellows as not to detorm sufficiently 
continued another 1400 under its share of the load to permil 
miles. and less change of thers to carry, i ould then not only 
size or wear was found itself have to carry more than intended 
than during the first 500 , si : a i iso transmit) mor — 
re - netched Surfaces of 1 s intended to @ Supporting surlaces oO i 

meen deans sndicated Made in 190; by Thre races It, on the other hand, the ball 
probable variation of siz Companies, Magnified 3 iii eneitinia: Wieiad, She ieee. 1. einiahll e 
and sphericity of the trameters Ment Hess underloaded or not loaded at all, and the 
balls when they were first others correspondingly overloaded. What 
assembled, and that running conditions had has been said of variations in ball size, of cours 
lapped them to a condition much more round ipplies similarly to variations from truth of out 
and uniform in size. This was very similar to lime All requirements will be met if the balls ar 
the results obtained with the pistons, rings, and true to shape within 0.0001 in. and if all the balls 
cylinders fitted in the early automobiles; put used in each individual bearing have a similarly 
chasers were required to drive slowly for the smal error I Siz It must not be inferred that for 


Lowered Tolerances in Last 25 Years for Balls 2 In. and Under 





*“Micro-CHROME” STANDARD” \-GRADI HAt ni 
DAT! 
SPHERICITY SIZ} SPHERICITY S1Z1 ‘I SPHERI IZI 
1915 0.0001 “0.0001 0.0002 + 0.0002 0.001 TRI No Guarantes 
1926 0.000025 ~0).00005 0.0001 0.0002 0.0002 0.000 0.001 0.002 
1931 0.000025 +0.00005 0.00005 +0.0001 0.0002 ~() 00025 0.001 + 0.002 
1934 0.000025 +(0.000025 0.00005 +().00005 0.0002 +). 0002 0.001 +0).002 
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materials of lower grade, large inaccuracies are 


permissible 

“b. Surface finish to a high degree is also essen- 
tial. What is usually considered a very good finish 
indeed may be characterized as totally inadequate 
The recognition of grinding or polishing marks not 
only by the bare eve, but with an ordinary pocket 
reading lens condemns balls utterly; this is true ot 
high loads and 


a bearing having long life under 


speeds. Oft repeated endurance runs under condi- 
tions where the finish was the only variable have 
abundantly proved this, at first unsuspected, fact 
Phis was discovered while investigating an appar- 


ently inexplicable difference in lasting qualities. As 








making machinery had arrived at a consider- 
able state of perfection; but balls within a limit 
of 0.0001 in. 
the sacrifice of other qualities, but it was pet 


of size are not being made without 


fectly feasible to select and grade balls within 
the desired limit. 

He continued: “The hardware dealer's word 
on uniformity of size is not a safe guide; he ts 
perfectly honest in throwing odd lots of °%,-in. 
balls into one box and in thinking the customer 
who objects because they vary a half-thousandth 
or even two, a ‘finicky crank’.” 

Thus in 1907 the ball and ball bearing man- 


ufacturers were talking of grading balls in lots 





life is too short for a try out under normal loads, 
overloads were resorted to; they demonstrated con which did not vary more than 0.0001 in. This 
eae 
~~ Poet : > 
’ in “4 5 ~ * 
“~~ @ 43 y : . 
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1910 1 polished surface 1918 Scratches become shallower and 1922 Very shallow scratches 
crossed by deep, long scratches shorter, but polish not quite so high but fairly long; a high polish 


Improvement of Ball Surfaces, 1910 to 1925. 


finish, the better the 
must not be of the 


clusively that the higher the 
The 


P os 
Brummagem ol 


endurance high finish 


Reuleaux’s ‘cheap but nasty’ 
vartely 
“ce. The elastic limit should be as high as can 


be had 


limit is desirable 


\ limit of proportionality above the elastic 


“d. The hardness and uniformity of hardness 
ball to the 


throughout the mass of the highest 


attainable degree is essential 


“e. Correct Knowledge and uniformity are more 


important than even these requirements of high 
elaste limit and hardness. It will not do to say 


that, though some balls of a lot may do better than 
others, the balls carrying more than their share ot 
the load, 
described while considering the truth of shape and 


much as and with the same bad effects 


size. Lower quality, provided it is uniform, can be 


It will then merely affect dimensions.” 


that ball 


allowed lor 


Mr. Hess then went on to state 


Vagnified 100 diameters 


was considered a very close tolerance for othet 
machined parts, but was a necessary tolerance 
for good ball bearings. As equipment for the 
manufacture of balls has improved, so has the 
accuracy of balls improved. This is readily 
shown by the table on page 151 from the cata 
logs of the Hoover Steel Ball Co. published dur- 
indicated. Columns headed 


ing the vears 


“Sphericity” represent the maximum variation 
in shape (random diameter) of any single ball 
of the grade indicated, and the figures in the 
columns headed “Size” represent the maximum 
permissible variation amongst the balls in any 
given package. 

table that the 


balls is now less than 25 millionths of 


his shows sphericity of 
Grade 1 
an inch deviation from true spheres, which in 
plain English means that the balls are almost 


as round as present day equipment can measure 
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them. The variation within one package of plus 
or minus 25 millionths also means that they are 
very close to one size and therefore a well-mad 
race should distribute the load evenly among 
all of the balls in a bearing. 

In the early days of ball making, hand 
methods left numerous variations in size, round 
ness, surface quality and steel quality which are 
gradually being overcome by machinery, prope: 
auxiliary equipment, and technical control 
The ball surface has always varied according to 
the method of manufacture and is more than a 
mere polish; it depends upon the method and 
care used in finishing. Accompanying photo 


vraphs show differences in ball surfaces as seen 


a “Me 
: a 
" \ 
; } 
, . 
\ f 
~~ 
" ~~. 
es 
- 2 — 
—~ . 
x 
1928 Scratches short and shallow 193? 1 fe 


it surface contains a few small pits scratches 





three different makes of balls of that time Lhe 
magnification is only 3) times so that the two 
groups cannot be directly compared. These old 
balls were probably formed, rough dry ground, 
hardened, finished dry ground almost to size. 
and then polished in tumbling barrels, Richard 
son's dry grinder (and subsequent ones) con 
sists of a flat grinding wheel and a flat steel 
plate rotating in opposite directions; the balls 
are between them. The balance of the machine 
ts as a guide to hold the balls in position and 
keep them from being thrown out by centrifugal 
force Thus the surface finish was largels 
dependent upon the size of grit and pressure 


between the plates This tvpe of machine ts 


bright finish pery feu fii pol Magi j is 


Improvement of Ball Surfaces, 1925 to 1939. Magnified 100 diameters 


under the microscope at 100) magnifications 
These pictures could be dated 1915, 1918, 1922. 
1928, 1932 and 1937. The first would represent 
the surface of a ball ground on a Hoffman 
grinder and polished; the next represents the 
same equipment but with improvements in size 
of grit and bond of stones; the next three repre 
sent further improvements in grinding and 
polishing methods; the last represents the high 
est quality of surface thus far obtained by the 
greatest care in handling and polishing. Any 
reader who has prepared photomicrographic 
specimens will appreciate the care needed in 
avoiding scratches of length and depth; thes« 
considerations are also essential for good ball 
and bearing surfaces. 

In contrast is shown on page 151 Henry 


Hess's photographs of 1907 of the surfaces ot 


being used in our present production (third step 
of “rough dry ground” in the view on page 154) 

About 1910) Ernest G lloffiman designed 
ind patented a grinding machine whereby balls 
were ground in concentri rooves between an 
ibrasive gnnding wheel and cast iron plates 
using kerosene or similar hquid for carryvin 


ort lhe Atlas Ball Co. of Phila 
delphia acquired the U.S. patents coverins 


away the 


these grinders and later sold a one-half interest 


in them to the Hoover Steel Ball Co... thereby 


permitting the use of these machines V his 
permitted the use of finer grit in the rindin 
wheels and therefore shallower cuts on the 
balls previous to polishing I his typ ol 
machine is used after hardening (see the view 
ust mentioned); Ut also did the finish grindin 
f the balls show: the series representing 
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Slug. Hot Sheared Drop Forging 


surfaces of balls made from 1910 to date. The 
Hoffman grinder would be called a wet grinding 
operation; therefore it gives no opportunity for 
overheating the hardened steel balls with sub 


sequent grinding checks 


Notes on Manufacture 


Various steps in the production of Grade 1 
balls are shown above \ slug is hot sheared 
(to avoid tears) from a rod, and this slug ts 
drop forged into a ball and the flash trimmed. 
(Small balls, on the order of 


are made in a cold header which cuts the slugs 


n. diameter, 


from wire fed into the machine and = auto 
matically forms them into rough balls.) 

Drv grinders remove the flash and defects 
inherited from the surface of the wire and 
make the balls round. Heat treatment hardens 
and tempers the balls uniformly from surface 
to center. A series of Lloffman grinders decrease 
the size of the cuts and scratches, make the balls 
practically round and grind them almost to 
finished size. Tumbling in lime removes the 
“fuzz” from the previous grinding, while final 
leather polishing gives the balls the high luster 
so essential for ease of inspection, 

All balls must be inspected carefully to 
make sure that they conform to our standards 
before they are oiled and packed for shipment. 
Inspection removes any balls containing steel 
defects, heading defects, grinding cuts, deep 
scratches, soft spots, or other defects visible 
either to the naked eve or under a hand glass. 
Grade | balls are reinspected to make sure that 
no cull might slip by. An interesting item in 
the final inspection room is a box used for 
“floor balls’: any ball regardless of size which 
is dropped on the floor is scratched and unfit for 
use in a high quality bearing. All girls working 


in this department are required to wear gloves 





Dry Ground Rough 


Various Stages in the Production o 


to prevent the formation of “hand rust” on any 
of the balls. 

Thus far the discussion has pertained to 
steel balls made of highest quality, electric fur- 
nace steel containing about 1° of both carbon 
and chromium. Plain chromium steel has been 


the alloy used in balls and bearings since the 


beginning. We vary the chromium content 
from 0.50°° for small balls to 1.50 on large 


balls, in order to control hardenability so that 
all balls will be uniformly hardened from sur- 
face to center without a hard shell and soft core. 
Incoming steel is rigidly inspected to make sure 
that no seams, decarburization or slivers are on 
its surface and no pipes, porosity, hairlines, 
inclusions, overheated structure, or other defects 
are present internally. The heat treatment 
given the balls is carefully controlled so as to 
harden the balls uniformly, while each lot of 
balls is rigidly tested for hardness, crushing 
load, and nature of fracture before it is allowed 
to leave the department. All balls must be file 
hard and minimum Rockwell C-60. Hardness 
specification increases slightly according to ball 
size from C-60 for !,-in. balls to a maximum on 
large balls. An interesting jig is used in mak- 
ing the three-ball crushing test. Required loads 
vary from 1100 DD? min. for ©, in. and smaller; 
1000 2? min. for |) to 114 in. inclusive; and 850 
PD? min. for larger sizes. (D is ball diameter in 
eighths of an inch.) 

Commercial “A Grade” carburized steel 
balls have been developed with close tolerances 
and good surface finish. They are adaptable 
for toys, small tools, and light machinery where 
speed is slow and the loads are light. These 
balls have a soft center and therefore deform 
under heavy loads to cause early flaking and 
failure, but do have a definite purpose to fulfill 
in proper applications. 

Another interesting specialty is hollow balls 


Vetal Progress; Page 154 


Heat Treated 





<4 
> 


yoo 








nd Finish Oil Ground R 


Balls jor Grade / Ball Bearings 


for “Acme” ball bearing casters. Herrman A 
Schatz describes their manufacture as follows 
“Two hemispheres are punched from strip steel 
and butt-welded together. The flash of the 
edges is trimmed off and the hollow ball is 
re-struck between dies to make it round It is 
then rough ground, carburized, hardened, and 
finish ground. The wall thickness varies accord 
ing to ball diameter from 0.032 in. in in. balls 
to 0.065 in. in 114-in. balls.” 

Next in hardness to steel balls are stainless 


steel balls now used in some. be iimgs and 





TIN ( 


TINNED SURFACE may be applied in many 
/ ways, such as dipping, wiping, electrodeposi 
Another method which has 


been investigated only recently, but which shows 


tion, metal spraving 


interesting possibilities, is the cde py sition ot f 
from the vapor phass This involves the de 
position of a volatilized tin compound at the s 


face of the metal object to be coated Advantages 


be gained by this method are chiefly ease i 
controlling the thickness and uniformity of the 
oating, particularly on articles of irregulai 
lace, and the production of a hard tin alloy coati 

In vapor coating with tin, a volatilized tin salt 
is brought into contact with the metal to be coate 
under proper conditions of time, temperature 
atmosphere The temperature is sufficiently high 
for the deposited tin to be molten and to alloy 
with the metal being coated. Thus, vapor coating 
may resemble cementation in its effect, with the 
advantage of having a moving atmosphere whic! 


can penetrate to all parts of the work. In rete 
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RECRYS TALLIZATION 


as 
Ww 
By Robert F. Mehl 
] 1 Dent. of Meta as 
Vy ho ALS which have been strained by cold 
4 working are not stable, but tend to revert 


to a Strain-free state. This article will considet 


the processes, of which recrystallization is the 
chiet, by which the effects of cold work hay he 


reli ved 
cold work 


that 
aut such tempera 


It may be said at the outset 
consists in plastic deformation 


tures and at such rates that no reerystallization 


occurs during the detormation process. Unde 
such conditions the metal is” strain-hardened 
rhe compression of tron at room temperature, 


for example, is cold work; but the compression 


of iron at higher temperatures in the absence ot 


recrystallization is also cold work. Only when 


such temperatures are reached that reerystalliza- 


lion (which leads to softening) occurs during 


the working process, can the term “hot work” 


be properly employed; in general, these temper 


itures are high in metals melting at high tem 


peratures and low in metals melting at low 


temperatures occasionally as low as room tem 


perature or below 
Such 


structural changes in the metal \t 


deformation produces fundamental 


low degrees 
of deformation, slip lines appear in those grains 


in Which the slip planes are most favorably 


oriented for vielding: in metals which readily 


form mechanical twins, like zine at ordinary 


temperatures, twin bands also appear; as_ the 


degree of deformation becomes greater, slip lines 


appear in an increasing number of grains, the 


grains tend to rotate, the crystal planes to 
become curved, and the grains to become sen 
sibly elongated in the direction of flow. Sines 


the directions in the erystal grain by which flow 
lattice 
detorma- 


are determined by svm- 


ean take place 
therefore not random, 


the 


metry and are 


tron ois accompanied bv seneration ot 
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Annealing Temperatu 
Recovery” Is Relief of Int 
preferred orientations, Stress af Relativelu Low Ten 


corre- atures; Strength 


Not Changed Much Until 


accompanied — by 


sponding directional prop- 


. 2 . - 
erties. This deformation Recrystallizes al 
Temperatures; Grain 
Only After He 


Te m pe ratures 


is accompanied by an 
creases 


strength Higher 


increase in the 
properties such as hard- 


ness, vield strength, ten- 


sile strength, and a decrease in the ductility properties 


such as elongation, reduction of area at fracture, 


drawing capacity, impact strength. It is accompanied 


also by a slight decrease in density and electrical con- 


ductivity, and a decrease in maximum permeability, 


and by an increase in electrode potential and coercive 


force, and a slight increase in the coeflicient of thermal 


expansion, and compressibility 


The atoms in an annealed metal are in a contin- 


uous State of thermal vibration about mean positions 


which are symmetrically disposed on a space lattice; 


apart from relatively minor imperfections, this Is a 


seometrically perfect arrangement. The perfection ot 


this arrangement, however, is grossly altered by 


deformation: The lattice planes become curved and 


twisted, atoms are forced into positions less symmet- 


rically disposed, with resultant distortion of atom 


shapes and energy distribution, and increase in the 


internal energy of the metal 
The non-homogeneous character of cold deforma- 


tion creates a pattern of internal strains. In com- 


mercial forming operations, the friction of rolls or of 
dies, or the complexities introduced by multiple types 
treatment, create internal 


of deformation or by heat 


“macroscopic stresses” (“Heyn stresses”) in such a 


that 


another is in 


was one section of a piece may be in tension 


while compression Furthermore, a 


pattern of stresses on a fine scale, “microscop 


stresses”, characterized by minute regions in which 


tensile (and compression) stresses occur, also is 


formed as a result of slip on atom planes, of the bend- 
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slip at grain boundaries. Sucl 30 ; : 
i pattern of stresses contains 00 . a ; j ; . 
points of unusually higl AIWIEa f p-, i 
energy peaks, which are the ‘ s , 
points of least stability in the if " — | T 
old-worked metal where processes relieving Ul ) 
~. 

elfects of cold deformation will originat he ( ’ ; f PSS j he 
vreater the amount of old detormation— the ; 
greater will be the number of such peaks ~~ 7 

The heating of cold-worked metals results . 
na sottening and accordingly a renewed abilits = 
to sulfer cold work This heating also relieve ; 
both MMCrOSCOpL and macroscopt nterna ‘ 
stresses, either of which may be harmful in . 

5 
special cases though generally cold-worked 
materials find widespread and wholly satistae = 
tory applications Macroscopi stresses cal ‘ 
neasurably decreas the fatigue strength l . wnt | 
naterials, can be conducive to failure in stress 200 g 5 
rrosion as in season cracking, and can lead t ANNnea ri s - 
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which each 


The 1 


rapidly 


ate al 


with 


not instantaneous 


operates increases increasing tem 
| ; 


perature When the temperature is sufficiently 


high, they appear to be instantaneous, but at 
lower temperatures the time dependence is read- 

detected Actual rates vary widely from 
metal to metal and are greatly dependent on 
composition, purity, grain size of the sample 
before deformation, and the amount of deforma 
tion. Generally speaking, metals with low melt 

points exhibit high rates at low temperatures, 
is in the case of tin. Furthermore, the three 
processes sometimes overlap and are difficult: t 
distinguish, while in other cases they can_ be 


The properties do not change 
right 


mbinations 


clearly separated 
and this often 
ol 


concomitantly, as shown at 


produ es unusual ec properties 


Recovery, reeryvstallization, and grain growth 
ul to sottening It is conventional to study 


i! if 


these by heating cold-worked samples to a series 

f increasing temperatures for a certain time 
period, usually between 15 min. and 2 hr., and sub 
sequently measuring the properties at room = tem 
perature This eliminates time as a variable, and 
the results must be viewed with this limitation. In 
i narrow temperature range the change in propel 
lies is rapid, as shown in the curves on page 197 
for copper of various degrees of purity, but this 
range may readily be displaced to lower tempera 
tures by increasing the time of annealing (see the 
third figure Ina rough way, doubling the anneal 


ing time lowers the softening temperature by 10° ¢ 
rl 


e temperature of rapid softening is also decreased 


by an increasing degree of cold work, as shown in 
the last set of curves on prune 17 
These curves of sottening do not distinguish 
the three processes described above with certainty 
(ot the three, recovery should be considered first 
Recovery The elongation of single ervstals 
haracterized by a steadily rising stress-strain 
vi It the load is removed and immediately 
reapplied, the stress continues from the point ol 
rruption; if, however, time elapses, or if the 
pra IS Slightly heated, the stress begins at a low 
ilue, that is, strain hardening has been lost, though 
reerystallization has taken plac This is 
ecoveryv’’, sometimes termed “eryvstal recovery” 
the process is most striking in single ervstals but 
S also in aggregates 
Che effect of recovery in iron is shown in the 
etch above, adapted from = Tammann Brinell 
irdness decreases rapidly upon reerystallization; 
lv a very slight decrease as a result of recovery 


this. H 


electrical 


vcurs betore mwwever, thermo-electromotive 


foree and resistivity decrease at much 


lower temperatures, and the change in these is com- 
before ther detectable 


This behavior shows that the several properties 


plete IS any recrystalliza- 


tion 


do not change in a parallel way 


Recovery is especially marked in the relief ot 
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internal stresses, as shown by the curve toi 
back” 


magnitude of macroscopic stresses, al 


spring 
the 


lhe tendency to season-crack in br: 
ul the general 


iss, 


tendency to crack during fabrication are greatly 
decreased by annealing to induce recovery without 
recrystallization; such stresses in cold-worked steel 
can be largely eliminated by annealing at So0° F 
at which temperature steel does not ervstallize 
Complete stress relief can be m ompletely 
attained by annealing to higher temperatures, and 


this is the usual commercial practic The process 
of recovery in metals is doubtless widespread, 
though experimental studies have not been suffi 
ciently extensive to say when recovery may be 
separated from recrystallization and when these 
two processes overlap. In the latter case, distine 
tion cannot be made 

The causes for recovery are not clear. Kecovers 
is doubtless a change in the internal stresses in 
worked metals, affecting primarily the elastic and 
electrical properties, but) having relatively little 
effect on the strength and ductility properties. This 
stress removal may be associated with the straight 
ening of bent slip planes, and perhaps with the 
healing of microscopic cracks; it cannot, however, 


be pictured as a complete relief of stress, tor a 
metal which has recovered does not msc tS ¢ ipacity 
to reervstallize. The reasons for strain hardening 
ire not well understood, and until the cold-worked 
condition itself can be more adequately described, 
it is unlikely that recovery can be more clearly 
understood 

Recrystallization On heating a cold-worked 
metal to a sufficiently high temperature, or tor a 
sufliciently long time at a somewhat lower tem 
perature, new grains appear and grow, until ulti 
mately a new grain structure has completely 
replaced the old This is recrystallization rhe 
accompanying changes in properties are in_ the 


direction of the restoration of the properties chat 
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process of immense practical import e eg 
lanes Unusually large grains ar o tempera 
ften highly undesirable, for they |. »~»,[___ rt Vt 
iuse the familiar “orange peel” effect f | 
n drawn objects, and the tears in _. UF 
irge worked sections It is therefor f ‘ na th | 
f the greatest importan know , 
vhat factors govern it ; 
Reervstallization is the conti ; 
iS formation of nuclei of new ervs 
iis and the growth of thes muclel > 
itil the svstem is wholly nstituted : y 
{ the new grain structure The rat 
{ formation of nuclei and the rat ! 
srowtl f these nuclei are thus tl s 
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to operations at 


high temperature 


|* DESIGNING structures to operate at ele 
vated temperatures there are various factors 
which should be considered, depending upon 
the different requirements of the design. 

For certain structures the designer may 
need to consider only the fundamental strength 
of the material, while for others he will also 
need to consider the stiffness of the structure in 
order to accommodate small clearances between 
moving parts under load The stiffness factors 


in flexure or bending are 


APPLICATION OF $ 


By T. McLean Jasper 


Technical Consultant 


entirely by considerations of stiffness, or per- 
haps a combination of both strength and stiff- 
Needless to say, the 


values must be applied to the most adverse 


ness may be essential. 


working conditions that the structure is to 
operate under. 

The engineer who designs a steam turbine 
with rotors made of disks, which depend on 
stiffness to reduce deflections and vibrations, 
needs to consider primarily the stiffness under 

operating temperatures 


that control the maxi 





the modulus of elasticity 
(a function of the mate 
rial) and the section 
moment of inertia § (a 


function of the cross se¢ 


i WE equipment, such as tur- 
A bines in super-power plants, 


must not only retain strength at are 


mum deflections he can 
accommodate, and= sec- 
ondly the stresses which 


involved in these 


tion design) usually high temperatures, but their dimen- deflections. Such stresses 
designated as E and 1, sions must not change beyond may be nominal or they 


respectively, and in tot 


sion they are the modu 


and the section polar 
moment of inertia usually 
designated as FF and J 
respectively, 

Designs, therefore, ~_—. 
may depend on a factor 
of safety based on 


strength of the material, 





or they may be controlled 


small limits. For such equipment may reach 
time consuming creep fests are 
lus of rigidity or shea necessary. For man\ pressure 
vessels a much larger change in 
size is of no importance, and 
shorter lesting procedure is ade- 
The author describes such 
test and design methods used suc- 
cessfully for much chemical and 


petroleum equipment. 


values which 
call for good judgment 
or knowledge as to the 
physical properties of the 
material. The designer 
of a pressure vessel to 
operate at high tempera- 
ture, on the other hand, 
needs to consider the 
“long-time ultimate 


strength” and “long-time 





vield strength” of his 
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material for the working conditions (includ 
occasional over pressures) and the effects of 
COTTOSION., 

For such important work it is believed | 
the writer that the most vital consideration is 


strength 


some method of arriving at reliablk 
and elastic properties of the material on which 
to base designs data that will not overest 
mate the properties of the materials to be used 
nor create a feeling of uncertainty in the desig: 
ing engineer’s mind. 

lor service at ordinary temperatures th 


physical values used are the ultimate and vield 
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ry temperatures brequ i\ Cl es 
ur publ shed for a ven elevated temperature 
Wi I show » wide vVarial | write! 
be eves that this is ass ited W e diff \ 
t obta iki \ md { ' re 
ver the full Pio’ lel th of the spec ma 
e difficulty of obta | extense eters whiel 
retain their accuracy and sensitivitv wh nire 
duced in the heatin mediun he curves tol 
EK and / presented herewiltl re based upon the 
‘hineti Lheory ot Solids” by Sutherlat a (se 
Philosophical Maga e, October 1923. unde 
“Use of | ergy Relatio i lasper) ma 
are plotted from tests made ol 

relatively small diameter spe 

mens, thus tendin to msure un 


rorm femperature Ove! thre entire 


+ As was remarked above Lhere 
considerable number of 
values presented in the literature 
which are obtained from relatively 


thick Specimens which the ques 


j 


tion Of uniformity of temperature 
can be questioned verv serpously 
md thes ine pt to show hh hel 
md in some cases much highe 
values than the results indicated 


bv the two curves in the first figure 
Ihe latter may thes be used for 
' 


conservative values to determine 


the rigidity or stiffness of steel 


4 structures at various temperatures 








Lr 
~~ — 
=< -Afy) ‘) yy IONV) ‘Ory) 
. 400 O 400 UL ag O eié lo answer the question as t 
Tamnenedswne OF ,; 
EMPDCLaltLure, thre ultimate strength md vield 
Mi lulus f Rlastic ifu in Te msiol rf Cort | / \ieels strel {| oft ster | il ele vole a tem 
Decreases Sharply With Temperature Where Vod : pel tures (thr properties thre 
in Torsion (Shear) is Re ively Constant \ | 
designing engineer has long beet 


Strengths, and at times the fatigue strength 
(The need for ductility and the demand for it 
in specifications is usually associated with fabri 
cation needs and small operating adjustments 

For carbon and low alloy steels, the values at 
ordinary temperatures of E and F are 30,000,000 
and 12,000,000 psi. respectively, or so near thes 


values that it makes vervy little difference 


Uncertainty in Test Figures 


However, as operating temperatures are 
ncreased, the values of E and F are decreased 
progressively. For a fixed elevated tempera 
ture, the values of E and F for carbon and low 


illov steels are as constant as thev are at ordi 
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n the habit of using at ordinar’ 


temperatures) requires a ipproach from 


different direction from. that msociated will 
creep testing This. it will be recalled require 
that a tension specimen under steady load ly 


maintained indefinitely at rigidly constant tem 


perature, and the extension f any be accu 
rately measured and plotted mWaimmst time lf 
one might inject a fi endly criticism as to this 
method of testin tis to the effect that it doe 


not lend itself to consistent results whicl Col 


relate with a fixed value for i ven class of 
material “It is know that mcessive heat 
steel of almost identical anal ind | 
will diffe reatly reep characterist 


thre words of Nlessrs White { lat } i] 1] ldort 
hefore thre 1U4N Wester Metal Cor (My 
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: IS | --. .- . os | } | of stress obtained from that portion of the 


| curve which is parallel to the time axis repre- 





30 — —+———-++ +> + + + —— + + ; 
Specimen sents the stress that the steel can carry for an 


H 
S 
9S 
Q + eS ae ae ee Not Fai! A indefinitely long period of time.* 
. fo 
3 [2000 Ar) This method of test was first outlined by 
2 } H. J. French when on the staff of the National 
oS Bureau of Standards. (See a discussion in 
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IS 5 ; 200 400 600 300 A.S.T.M. Proceedings for 1925, II, page 12). 


Time. hours The data plotted at left’ indicate that at 
900° F. the short-time ultimate strength of 































Long-Time Tensile Strength Determined by Loading x ; = : : 
9: ar e ‘ 35.000 psi., while 
Several Heated Specimens and Voting Time for Fracture. 2 carbon steel is ibout 35 psi < 
thbove is the result for 0.25% carbon steel at 900° F., 
as | | y ; 
Progress, March 1938, p. pt «— 15 min.Time Interval and [5 /b. Load Increments : 
ayiTT weal ; / (5 / 
206). In Irving to apply 20 | LF JO (TUM) 0 ,) /b. |i | | i _| a4 
such results the engineet r 60 min., 5/6. 
. . 3 — oe -— a & +. + ——+— + —+—_-—+ —-———4 
becomes bewildered with ha T iF ae Ob 48 Ar., 10/6 
i ‘4 ‘ - —— — —— + tee. —+—__-— — 
the numerous considera S /5 +--+ 1/0 . a i> 
; S — 24 Ar., [3 /b 
tions with which creep ~ | a a iN ceitiinacihonsicaiemtante | ae Bice 
} +—+ + t 4 
testing is involved, and y ” oli a, IT 
% 1/0 Hy +—+—+—4 Prgpartiona/ Limit—+——— 
as a result he is brought Q) | 
: Cc + + + + +> > + - - — -_ + + + +> 4 
to a state of uncertainty 4S r T / T 
~% 
even in designing struc 5 7 | li ee ee ee eee eee eee eee ft +--+ 
tures which heretofore | /} = Sse eee eee eee 
he has built’ with cer 0 I / [| / | 
tainty and which have a O 10 20 30 40 50 
long, successful perform Time Interve/ for Applying Loacs, hours 
ance record behind them Long-Time Proportional Limit Determined by Plotting Stress 
The author has long Strain Curves of Heated Specimens Loaded at Slower and 
Slower Rates. thbove is result for 0.25% carbon steel at 900° F. 
used the methods 
described below for 
obtaining ultimate and vield) strengths and the long-time ultimate strength is 18,000 _ psi. 
applied them in designing equipment for work- In designing pressure vessels for operation at 
ing at temperatures up to L000" F. in continuous 900° F. a lower factor of safety, based on the 
operation. A careful study of testing methods long-time ultimate strength, is used than though 
was first made. It was well known that at the equipment was to operate at ordinary tem- 
elevated temperatures steel may have an ulti- peratures, for the reason that short over-loads 
mate strength which is considerably below that — —— _ , 
o. ; *Editors’ Note: White, Clark and Hildorf in the 
value determined at ordinary temperatures, and 1938 Western Congress paper already quoted use 
that its long-time strength at an elevated tem- the same method in their “stress-rupture test”, and 
perature is considerably below its short-time find that their results plot as a straight line on log- 
strength at the same temperature. This relation log paper, thus indicating that the longer the time 
between long-time strength and short-time al temperature the lower the rupture strength. A 
strength is clearly illustrated in the above proponent of creep testing would also quote the 
curve of test data for a 0.20 to 0.30°¢ plain car- A.S.T.M.-A.S.M.E. joint committee’s publications 
bon steel at 900° F The method of testing is to showing that a 0.35 carbon steel would creep con- 
take several specimens ot a particular steel and, inuousty BOW OF CxS 1 ee — ae Serer 
= at a rate of 1 in 10,000 hr. at 850° F. if loaded at 
at a definite temperature, to load each to a ae 
7900 psi. Small creep rates are also observable by 
different constant stress until failure occurs 
’ precise equipment at loadings considerably below 
or until the load is maintained without failure is =—_ a - i 
. . the long-time limit of proportionality’, to be : 
for a verv long time. The time for failure and described in the closing paragraphs. These dilem- 
the test stress for each specimen is then plotted mas would doubtless be avoided by an engineer 
and the resulting curve drawn, which applies of using Mr. Jasper’s methods when he selects a proper 
course for a single test temperature. The value “factor of safety”. 
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are resisted by a much higher factor of safety 
at high temperatures than though the steel were 
in service at ordinary ones. 

; So much for the ultimate tensile strength 
How about the vield stress at elevated tempera 
tures? The last figure shows the test data which 
were obtained in a different manner and repr 
sent the long-time and short-time limit of pro 
; portionality for this steel at 900° KF. (This 


method of testing was first applied by the 





author in 1928.) Each stress-strain curve repre 

; sents a different rate of loading. The value of 
the limit of proportionality for each rate of 
loading is plotted along the stress axis, and the 
time during which each load was allowed to 
exert itself is plotted along the time axis. 

It will be noted that the proportional limi! 
is higher for the more rapid rates of loading 
and approaches a constant value as the time 
increases between increments of load. | he con 
stant value which the curve approaches has 
been called the “long-time limit of proportion 
ality”. It is believed that the long-time limit of 
proportionality at 900° F. can be obtained on a 
single specimen of carbon steel if the interval 
between load increments is greater than nine 
hours. For different steels this time-increment 
may be somewhat different but the principle is 
indicated in the figure. It is seen that the long 
time value is 11,700 psi., and the short-time 
value is 18,000 psi. for 0.20 to 0.30 carbon steel 


Methods Used for Design 


For the engineer who is designing to close 
limits of deflection under elevated temperature 
conditions, the above method, which is believed 
to represent the very long time yield of the steel 
at elevated temperature, is of primary impor- 
tance. It corresponds to the yield values used 
in designing steel structures at ordinary tem- 
perature. This, with a proper application of 
the stiffness factors, is believed to represent the 
engineer’s method for safely designing equip- 
ment for elevated temperatures. Since 1926 the 
above general method has been used by the 
author and has entered into the design of a 
large number of pressure vessels to operate up 


to temperatures of 1000° F. continuously, 


Equipment of Unusual Size, Taxing 
? the Ingenuity and Facilities of Fabri 
cators, Railroads and Erectors, Is De 
manded by the Petroleum Refineries. 
Photograph courtesy Lincoln Electric Ce 
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a week's Staev 


rgvoO THE IRVIN PLANT near Pittsburgh which 
l Carnegie-Illinois has just finished. It 
exhausts the superlatives of any except those 
who have already seen several of these tremen- 
dous sheet mills, and even these must express 
their admiration of some aspect of it or the 
manifold auxiliaries and finishing departments, 
capable of doing by the ton what the outmoded 
hand mills did by the pound. Not least amazing 


is Howard Mellvried’s unseen 


Continuous organization which con- 


Sheet Mill structed this 60 million dol- 


lar machine in 18 months. 

Granted that the equipment is more or less 
standardized, that the work was done by a 
thousand contractors, and that months of pre- 
liminary planning preceded the ground break- 
ing ceremonies still an admirable staff must 
have cooperated admirably from first to last. 
One rather intriguing point concerns the 
cold rolling mills. When such a continuous 
mill slows down the emerging strip goes off gage 
becomes thicker. No very obvious reason 
exists; the roll housing and rolls themselves 
should be under practically the same forces and 
their elastic action not measurably different. 
Men in the plant pointed out that the action is a 
combination of squeeze between the rolls and 
tension on the emerging strip from the power- 
driven coiler—the action is related to wire 
drawing, only in this case the die is the slot 
between upper and lower roll. When the speed 
of the mill is reduced, there is a lag in tension 
control, momentarily reducing the pull, where- 
upon the reduction from stretch is less than 
when the machinery. is running under more 
accurate adjustment at top speed. (If this is 
true, a new robot will soon be devised to watch 
over this detail!) Professor Trinks of Carnegie 
lech believes it rather has to do with lubrica- 
tion: The strip is flooded with oil and at slower 
speed more of the oil is squeezed out between 
rolls and strip. This increases the friction and 
the pressure required. The greater the pres- 
sure, the longer the are of contact, the more the 


friction, the greater the pressure, and so on in a 
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decreasing series until a new balance is set with 
a slightly stretched housing and a_ slightly 


off-gage strip. 


At Rochester heard Thomas Wright, tech- 
nical director of Lucius Pitkin, Inc., give a talk 
wherein a research man appeared as a trans- 
muted Sherlock Holmes, surrounded with all the 
apparatus of an Irving Langmuir. Plenty of 
scientific material for mystery stories already 
exists; thus, Frederic Emery of Harshaw Chem- 
ical Co. was recently star witness in a case 
which put a couple of Cleveland safeblowers 

into safe keeping; he 
Ferreting showed identical spectro 
With the grams of particles of 
Spectrograph cement found in their 

trouser cuffs and from 
the blown vault. Another recent example from 
Wright's laboratory had to do with whether a 
bullet had been fired through a screen door 
spectrograms of the wire at the edge of the 
suspected puncture showed lines belonging to 
lead and antimony; elsewhere the screen wire 
was free of these elements. 

William Campbell, late professor of metal- 
lurgy in Columbia University, was never so 
happy as when he was doing some high class 
detective work on ancient coins. Sherlock 
Holmes’s magnifying glass in his hands became 
the metallographical microscope. Some of the 
evidence it uncovered has not yet been ade- 
quately explained. For instance, in a series of 
coins from Asia Minor the oldest were bronzes 
containing 10° tin, and the youngest were tin- 
free brasses with 15° zine. Is this an example 
of debasing the coinage, or (more likely, since it 
was a gradual change over several reigns) an 
early example of metal progress? In another 
sroup of ancient metal objects is one made of tin 
as pure as any of today’s commercial brands. 
How did it get there, and who then knew that 
much about smelting and refining? 

Relationships between minerals and metals 

and, contrariwise, distinctions as to place of 


origin — discovered by spectrographic analysis 
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have always fascinated Tom Wright. One such 


examination was of a group of exquisitely 
molded iron articles, all alike and presumably 
castings. The archeologist doubted whether the 
foundry art of that ancient period was far 
enough advanced to produce such forms, and a 
quick metallurgical examination proved them 
to be wrought iron (not cast) and therefore hand 


Anothe 


roup was of alloy iron with nickel and 


worked. rhis, though, is strange: 
similar ¢ 
cobalt. Where did that metal come from? Not 
from a chance meteorite for the proportions are 
not right. 

All these 


conversation years ago with Stephen Grancsay, 


matters are reminiscent of a 
curator of armor at Metropolitan Museum of 
Art. Granecsay was of the opinion that th 
innumerable counterfeits could be indubitably 
recognized by errors in design, ornamentation, 
methods of fabrication and a lot of intangibles 
It was suggested that the spectroscope might 
clinch the proof; foledo sword makers of a 
given period probably used metal from a very 
few favored sources — maybe all in a single 
mining district. Spectrograms would show fam 
ilv relationships in the slag contained so genet 
ously in old iron and steel. To match this the 
counterfeiter would have to spoil a_ veritabl 


antique to get his raw material! 


fo Glenn L. 
more for building transport flying boats and 
chief of 


Martin’s fine plant near Balti 


lighting aircraft, where Reid Gray, 
laboratories, and Marsh Powers, assistant to 


president, explained the operations in all 
except one huge new building where Uncle Sam 
is doubtless preparing some surprises in. the 
gentle art of bombing. Thanks to a consider 
able concentration of work on one very success 


Martin 


ipproaches systematic, straight-line production, 


ful design, the plant most nearly 
but even so more than 3000 
Bombers — men each day are required 


One a Day to cut and form and weld 

and rivet and design and 
lest the multitude of parts which when assem 
bled make one airplane. Sectional construction 
IS highly developed. Nose section, center se 
lion, tail section, engine section, wing section 
ire each completely built and all inside fittings 
installed before reaching the main assembly 
Here the units are “plugged in” (as an engine is 
ittached to its mounting), wiring and control 
cables drawn through, and the ship is ready for 
test flight. 


Possible disadvantages of such a 
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scheme resulting in a heavier structure are e\ 


dently more than counterbalat 
practical advantages as small 


cyuiie k disass¢ mbly to! shipme ntioversenas ¢w ere 


Vv are now going, it is hoped never returi 
welcome), quick reassembly q cl replace 
ment of damaged units Notable details of 
construction involve the use of sli htiv counter 
sunk flat-head rivets flush with the « ler skin 
and the growing use of spol we lded aluminum 
parts as test data accumulate showin ther 
resistance to stress eit ship's structure s 
ilmost entirely of stron iluminum alloys 
Plastic products, much discussed n British 


icronautical journals, are used in trai sparent 
COOK kpit enclosures and various forms of sheet 
and tubing for non-structural parts; their use in 


basic structural members will await the outcome 


of extensive research now n progress (ara 
also demonstrated a development of Martin's 

vasoline “fuel cells” of rubbery stuff. almost 
non-leaking after shot through with a bullet 


In the afternoon to KRustless Iron & Steel 
Corp. where Alexander Feild, consulting metal 
lurgical engineer of the firm (and a pioneering 


investigator of the subject. himself) explained 
that the interesting melting methods used there 
by Ronald Wild were 


eflicient and flexible opel rion 


ibandoned in 1932 for a 
mere lhree 
Heroult are 


capable of turning out a 12-ton heat every six 


furnaces ime now ivailable, each 


hours on bottom linings of chromite brick 

Raw materials for melting 
Chromium ire stainless steel scrap, 
Recovered chrome ore, and high carbon 
From Ore ferrochrome; these ire 
and Scrap charged with low phosphorus 


steel scrap im such amounts 
as required for the desired ingot analysis and in 
accordance with relative costs at the time Roll 


scale is also charged originally so that the slag 


s essentially a mixture of iron oxide with an 
increasing amount of chromium oxide (the lat 


ter comes from the chrome ore and from the 


oxidation of chromium from the metal) hae 
melt-down is verv hot, and in about tw hours 
the carbon is driven to 0.07 or lower, at whicl 
time about half of the entire chromium is in the 
pasty slag, half in the metal beneatl Lher 

upon lime and ferrosilicon are rnided as 1 ipidly 
is thev can be absorbed by thi la mdin sufl 

cient amounts to throw thre ro md chromium 
back nto the metal bath Vi hie t] ra 

tically complete the first sla ssi d dia 


Pave LOS 








new lime slag is made up, under which the final 
adjustment to composition is done. 

Metal is cast into 6-ton slabs for American 
Rolling Mill Co.’s sheet-strip mill at Butler, Pa., 
and into 10-in. square ingots for rolling into 
Wire 
products seem to be the most in demand, other 
than sheet. At Baltimore the annealed and 
pickled rod is dipped in lead, and this soft metal 
acts as lubricant in the drawing dies. Lead 
must be removed by acid before process anneal- 
The wires 


bars and wire rods in Rustless’ own mill. 


ing, done “bright” in a long furnace. 
vo into nickel-chromium tubes and out through 
water-jacketed) prolongations; the protective 
atmosphere is dissociated ammonia, dried over 
activated alumina. Stainless can apparently be 
heated in dry, really dry, hydrogen-nitrogen for 


some time without discoloration. 


In Washington and to the Bureau of Stand- 
ards to chat with old friends in the Division of 
Metallurgy. Most attractive of all the researches 
there on silver, heading up to Albert Dornblatt, 
is that concerning silver coatings for containers. 
The lowly “tin can” costs say 2 cents, but a bil- 
lion are made every month; each can has 0.00008 
in. of tin on it worth 1; cent. The aim is to 
replace this with 1 to 3 cents worth of silver. 
This extra price should be no obstacle for use 
with quality foods and beverages if the silver 
expected 


plate can prove 


Too Much either in use, 


Silwer such as no effect on delicate 
food flavors even when the 


advantages 


can is opened and kept a few days in the refrig- 
erator, or in fabrication, as less cracking at 
sharp bends at the seam (which has caused lac- 
quer to replace some tin already). Non-porous 
electrolytic coatings 0.0002 in. thick have been 
obtained, with a good chance for thinner ones. 

In view of the tremendous stakes involved, 
this American Silver Producers Research Proj- 
ect, now a couple of years old, got under way 
none too soon. Under the general direction of 
Lawrence Addicks, veteran expert in refinery 
problems, its avowed aim is to discover new 
industrial uses capable of absorbing 100 million 
ounces of the metal annually, and if attained 
would about treble the world’s consumption in 
the arts and industries. World production of 
new silver is about 270 million ounces annually, 
and at least 200 million of this is useless. Once 
upon a time it would be bought for coinage or 
bullion, but today China, India and other minor 


countries find it undesirable to use it so in 





fact, it is better for them to trade their coins and 
hoards to the American Government for com- 
mercial credits. This present price of silver is 
therefore fictitious, and will last only until the 
U.S. treasury becomes satisfied it has enough 
silver in its vaults or is told by Congress to keep 


hands off. 

Reading in John Marsh’s new book on 
Alloys of Iron and Nickel 
Bragg and Williams on “relaxation time”, that 


is, the time required for an unstable alloy to 


a quotation from 


reach equilibrium by diffusion, to the effect that 
if equilibrium is substantially reached in one 
second at 500° C., the same sample would have 
required one hour at 350° C., several days at 
270° C., and 30,000 vears at 200° C. It might have 
been added, “geologic eons at 0° C.” 
ture of the enormous length of time required for 

atoms to fall into equilibrium 


This pic- 


Time is positions at low temperature 
Long and may have some relation to the 
Art is non-success of attempts to form 
Fleeting coarse Widmanstattan = struc- 


tures, typical of meteorites, in 
artificially compounded iron-nickel alloys. It 
appears that the iron-nickel solid solutions 
(meteorites) “freeze in” at about 500° C., for 
the iron and nickel atoms are so alike that their 
separation by different diffusion rates and the 
desired transformation of gamma solid solution 
into alpha is stopped cold — that is, in finite 
time in a laboratory. A meteorite has had infi- 
nite time; even though its temperature be close 
to absolute zero, many of the sluggard atoms 
their goal. 
that mete- 


like the tortoise have reached 
(Marsh notes another plausibility 
orites are cosmic trash from a shattered plan- 
etoid, which in its earlier history had stayed 
millions of years at just below the transforma- 
tion temperature, where atomic mobility was 
enough to speed the diffusion.) 

The matter of reaction rates is worth 
emphasizing; few are on guard against mis- 
leading reports of “stationary state” or “equi- 
librium”, which are often merely a result of the 
life span and patience of the observer. Some 
confidence may, in fact, be put in results extrap- 
olated from a consistent series of tests at higher 
temperatures. Arresting statements of this sort 
are quoted by Marsh: That pearlite will sphe- 
roidize in carbon steel at atmospheric tempera- 
tures in 10°° years, and that the vapor pressure 
of tungsten at 25" C. is 10°’ atmospheres, or 
about one atom to the known universe! 


Vetal Progress; Page 166 


- 


+ 


etme tis ae 


- - oan 
i deieietieiediaiedt at TOO OR meme me ee eee wee emma 





Se 


) 


sf 1¢ 


PAC 


1939: 


( ) FEBRUARY 


PROGRESS 


TAIL 


ME 


() 

















Tf 








cree ssn ets tI A ORAS PRRE ET? 8 OLE TPSLIRS OS TIMERS ROR SC CREE Reem aree- conn 


*. ' ; “ 
8 oN : oN 9 ON | S ‘ON, ON ON ON 
‘° :. 7 
‘ ° | 7 ’ 
+: 4 ; : ; 
: * . 3 . | : 
c ; 5, 
' P . . 
¢ ‘ AT ¢ 
‘ ' ? 
: : ee. 
‘ ° 2 . . 
; : ' , ' 
¢ : 
t s ’ f ° , 
. 2 
SUOTSTPOUT Pie <@]t tytn 
8 ON oN | , 
L ON 9 “ON ¢ “ON vy ON € “ON 6 “ON 
| | 
f { 
| | 
| 
\ 
\ 
| 
10.4 )D if if IDAOO*) \q podopnrog ‘O') 1OJO]\ JOJOAIOY ) \q Ast ul 
(pA) PLIGy--) SUOISHpDU JO Turpeyy 
( ) INVd *6EE AMY NYaa4 e IWQONd IWLAW & 
EE 
liaieniats tath on 1 os te ae @ os one pe eee ee ee ee tt Pe a i ee ee 










Vender-handed stroke a nettle 


ind it stings you for your pains. 





Grasp it like a man of mettle 


ind it soft as silk remains. 


old scot h prov erb 


ryvuis YEAR, don’t temporize. Don't 
| try to get by with materials which 
were good enough in less competitive 
times. Use modern alloys containing 
Nickel to cut production and operat- 
ing costs, reduce the heavy tax im- 
posed by corrosion and wear. 
Jt o a ¥ ‘ 
atid, 


4 > “ 
a 
metal do more work at lower cost per - 


Nickel helps each ounce and inch of 





vear. Nickel aids in solving many of 


the thorniest problems confronting 


you in 1939, The helpful suggestions of 
our research engineers, their practical 
experience in solving similar metal- 


lurgical problems for other businesses, 


are yours for the asking. 


ANCHORS AWEIGH! But they 
weigh less, withstand salt water cor- 
rosion longer. These chains are cast 
from strong,tough Nickel-chromium 


steel at the Norfolk Navy Yard. 


lug 





THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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HAVE A VERSE FOR IT 












LANDSLIDES CLEARED 
QUICKER because this shovel 
is 28°- lighter. Harnischfeger 
Corp.. Milwaukee. makes it 
of a light-weight design using 
high-strength Nickel alloy 
steels 








ALLOY STEELS 





TWO POUNDER 
GRINDS AT 50,000 
RPM! For the vi- 
tally important spin- 
dle of this fly-weight, 
air-driven grinder 
and die finisher the 
Onsrud Machine 
Works, Chicago, 
uses SAE 3135 steel 
toughened and 
strengthened with 


Nickel. 
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Rating of Inclusions 
(“Dirt Chart’) 


Derror, Micu 
To the Editor of Mera Progress: 

Several million pounds of steel has been 
rated for cleanliness in the metallurgical labora 
torv of Chevrolet Motor Co. during the past ten 
vears, for which a useful rating chart has been 
devised. |See the data sheet, page 167.) It is 
to be used in connection with the deep etch test, 
as described below, using 4-in. bars of S.A] 
1615-A steel for ring gears as an example 

Phe bars are marked with heat number at 
the steel mill, also as to whether from top, mid 
dle, or bottom of the ingot. Six samples are 
taken from a 50 to 75-ton heat, two from bars 
rolled from the top, two from the middle, and 
two from the bottom of the ingot. These sam 
ples are sheared from the bars, and are gen 
erally 8 to 9 in. long. Transverse sections are 
then sawed from the middle of each sample. 
about *4 in. thick. 

These transverse sections, properly marked 
for identification on their narrow edges, are next 
placed in a shaper and a light cut taken across 
one surface to remove saw marks. This surface 
Is now ground against the side of a medium fine 
srinding wheel to remove most of the tool 
marks. 

Deep etching is then done in earthenwart 
pots about 10 in. diameter and 12 in. deep, hall 
full of 1:1 hydrochloric acid (c.p.), and heated 
to 170 to 180° F.) Samples are placed on edge 
around the wall of the pot so as to expose the 
ground surface to the free action of the acid 
lhe time required is about 60 min. 

Etched samples are washed with hot water, 
scrubbed with a plater’s brush, and dried in an 
air blast. They should show a bright, clean 
surface with no finger marks, nor smeared and 
spotty areas. This operation should therefore 
be carefully done with clean pots, rubber gloves, 
and brushes. 

We now proceed to their examination 


Phi samples should be placed in order (top, 


« \J a = 
a, 3 4 Lo 


middle, and bottom samples inder a ood 
light Phe general appearance is shown in the 
macrograph on the next pag Such sections 


prove the soundnes of the metal; we look for 
the presence or absence of primary or secondary 
pipe, carbon and ferrite segregation, non-metal 
lic inclusions, internal ruptures The mold 
pattern is generally a marked feature; examina 
tion of a large number of heats has shown a 
progressive decrease in size of mold pattern 
from bottom to top of ingot 

As we are now interested more particularly 
in non-metallic inclusions, the etched cross 
section is carefully examined for them This 
requires some CAperience and knowledge is to 
appearances and typ 

We have found two general tvpes of inclu 
sions oxides and fusible silicates. Oxides are 
generally rounded particles and occur as iso 
lated dark particles or masses arranged in 
bands, or in continuous, somewhat ragged bands 
as shown in the micrographs (page 167) he 
fusible silicates are generally fairly long, mostly 
continuous, varving from thin sheets (appearin 
is threads on a polish d surface) to fairly thick 
in cross-section, having fairly sharp outlines 
Silicates are lighter wu color than the oxide 
inclusions 

Tm thee deep etched sections the silicate 
inclusions appear as sharply defined, nearly 
white. small areas only slightly attacked by 
acid. Phe inclusions ndicated in the macra 
Ol ph, on the other hand, are of the oxide tvpe 

Once the inclusions are located, microses 
tions are cut as indicated Care is taken in 
sawing out these samples to cut slightly to one 
side of the inclusion so that after grinding and 
polishin ; the surface pat illel to the longitudin il 
direction of rolling, the size and ippearance ol 


the inclusion will be shown to the best advan 


tage In this particular case, atter cutti oul 
and polishing the microsection, a No, 10 oxide 


inclusion was found (much worse than No. & of 
page 167) resulting in the rejection of this ste 
as too dirty for us« 


Generally We have f¢ ad obiectionable 
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inclusions in the outer fourth of the cross-sec- 
tion of the bar. In sections cut through the mold 
pattern we have not found marked inclusions 
in this type of forging steel. 

Polishing for micro-examination for non- 
metallic inclusions requires considerable care 
ind experience. Excessive pressure should be 
avoided. The section should be rotated on the 
polishing wheel so as to obtain a uniformly 
polished surface and avoid disturbance or 
undue scoring of the inclusions and the metal 
adjacent thereto. 

Ordinarily three sections are polished for 
examination, one each being taken from = bars 
rolled from top, middle, and bottom of the 
ingot and representing the most marked inclu- 
sion found in each by deep etching. The pol- 
ished sections are examined at 100 diameters, 
carefully and systematically, and the location, 
size, number, and appearance of all inclusions 
noted, compared with the chart and rated 
accordingly. It is frequently found desirable 
to regrind and repolish a specimen. Occasion- 
ally an inclusion is found the whole or the prin- 
cipal part of which extends to the edge of the 
polished surface where an inclusion was indi- 
cated by deep etching. In this case part of the 
inclusion and some of the surrounding metal 
have been removed by the action of the 
acid. Such inclusions are disregarded 
in rating the sections, only those lving 
wholly within the polished surface 
being considered. 

Ihe cleanliness of the steel is 
indicated by the corresponding num- 
bers on the chart. It will be noticed 
that these numbers range from 2 to 8 
inclusive. (The original chart con- 
tained 20> micrographs, ten of each 
tvpe which were numbered from 1 to 
10.) The rating is purely arbitrary 
and consequently any acceptance = or 
rejection as to cleanliness based on it 
is equally so. However, we generally 
regard steel containing inclusions rat- 
ing below No. O fusible silicates or 
slag, and No. 6 oxides as objectionable 
for use in gears. If such objectionable 
inclusions are found, all of the samples 
brought to the laboratory are exam- 
ined and additional samples are 


obtained of such parts of a heat as 





Stabilization of 18-8 


unnecessary in many applications 


SuHerrietp, England 
To the Editor of Mevar Progress: 

The Henry Marion Howe Memorial Lecture 
which Dr. Frederick M. Becket gave last Febru- 
ary to the American Institute of Mining and 
Metallurgical Engineers contained these sen- 
tences: “For many years intergranular cor- 
rosion was one of the serious problems facing 
the stainless-steel metallurgist. Today the 
problem is well understood so far as prevention 
and cure are concerned, and indeed it might 
well be relegated to the sphere of academic 
interest.” While the last sentence may be true 
in some respects, there is not a little evidence 
that certain practical aspects of the problem are 
not always clearly understood. This applies 
particularly to what may be termed the time 
factor. 

Whatever views are held as to the cause of 
intergranular corrosion — and the writer con- 
siders that the chromium-impoverishment 
theory ably put forward by Dr. Bain and his 
colleagues in their paper “The Causes and Pre- 
vention of Intergranular Corrosion”, and sum- 
marized in Chapter 14-B of The Book of 





may be considered useful, subject to Deep Etched, 4-ln. Bar of S.A.E. 4615-A Steel With Oxide 
. . . Inclusions Indicated. A microsection, properly polished, 

more detailed examination. a 
showed oxide inclusions worse than No, 8 (chart on page 


GEORGE WARREN WALKER 167 


and this steel was judged unsuitable for ring gears 
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Stainless Steels, is by far the most satisfying 

there is no question that the structural changes 
which produce it do not occur instantaneously 
but require a certain period of time which is 
shorter or longer depending on the composition 
of the steel and its prior treatment. In general. 
these changes occur most rapidly between 1100 
and 1300° F. 


regarded as having a maximum 


and each particular steel may bx 
“safe period” 
during which it may be heated in this tempera 
ture range without developing any noticeabk 
(or even measurable) reduction in corrosion 
If this “safe 


period” is considerably longer than the total 


resistance at the grain boundaries. 


time the steel will be heated in the sensitizing 
range during both its fabrication into plant and 
the subsequent working life of the latter, inte: 
sranular corrosion troubles should not bi 
expected to develop. 

As an extreme example, an ordinary spot 
welding operation on reasonably thin sheet 
causes the steel to be heated locally for a few 
seconds at the most, and hence does not impait 
the corrosion resistance of an ordinary 18-8 steel 
which may have a “safe period” of about one 
minute. In the case of plant for which special 
“weld-decay-free” steels are generally regarded 
is necessary, this total working time in_ the 
sensitizing range of temperature may vary from 
less than five minutes — for welded equipment, 
made from sheet or thin plate, which is subs 
temperatures not exceeding 


quently used at 


600° F. or so to months or even vears when 
the steel is fabricated into heat exchangers o1 
In the 


first case, it would seem obvious that if a steel 


other plant operating at a dull red heat. 


shows no signs of intergranular corrosion, afte 
heating for 30 min., for example, at 1200° I 

followed by 72 hr. immersion in the standard 
boiling mixture of copper sulphate and sul 
phuric acid (a drastic corrosion test, but one 
very frequently used in England), it would pos 
sess an ample margin of safety. On the other 
hand, such a steel might or might not be satis 
factory for a heat exchanger dealing with cor 
indeed 


rosive gases al 1100° F. or thereabouts; 


such conditions demand a steel as free from 
intergranular susceptibility as the wit of mat 
an devise. 

The thoughts expressed above came to the 
writer’s mind on reading Russell Franks’ pape 
before the Detroit convention S on “Effects of 
Special Alloy Additions to Stainless Steels’ 
Speaking of 


intergranular corrosion and. the 


preventing it, Mr. Franks. states 


neans ol 


hebruary. 1939: 


“When titanium is used, it must be present to 
the extent of at least six times the carbon con 
lent and the steel must be given a stabilizing 
heat treatment within the range 1550 to 1650° | 
lor a period of from 2 to 1 hr. followed by ai 
cooling.” Might one suggest that in a great 


— 


many cases, this stabilizing heat treatment 


savours of “painting the lily ind that its inelu 
sion as a heat treatment alwavs essential to 
ivoid intergranular corrosion is due to the “time 
factor” being ignored? 

Let it be said at once that if such a steel is 
to be used under conditions involving prolonge dl 
heating in the sensitizing range, the stabilizing 
heat treatment will probably be necessary to 
obtain the best results, but if the fabrication of 
a welded vessel which will never be heated sub 
sequently above 100 or 600° F. is in question, a 
perfectly satisfactory result should be obtained 
from this steel without the necessity of subject 
In the 


composition 


ing it to the special stabilizing treatment 


writer's experience, steels of the 
stated, softened in the normal manner at about 
2000" F. and then held for 30 or 60 min. at 
1200" F., have been free from anv signs of inte 


‘rranular corrosion when tested in the 


coppel 
sulphate reagent and, therefore, would possess 
an ample margin of safety for welded plant of 
the tvpe mentioned above One agrees that the 
additional stabilizing treatment would = very 
probably increase the steel’s “safe period” and 
ilready 


hence the ample margin ot satety 


possesses, but to what end?” After all, welded 
plant of this type absorbs a very considerable 
portion ol the total tonnage of “weld-decay 
free” steels. Why add unnecessarily to its cost 
of production? 


1 H. G. Monyrpenny 


Nature of Bond 


in powder metal compacts 


New Yorn, N.Y 


lo thre kd vu Vi \ ; GHES 

Ourte eariv dur rhe stud I | mwwadel 
metallurgy thre question rose “Wheat holds 
part cles togethet iter compressiol 

In the early days, part larh the pro 
duction of tungsten, bindet such as molass« 
or glucos re sed | hold the metal partict 
tovethet til sucl tine is Ss tt ild 
create a ¢ npact mas 1] Lé evaporal 
during the sintet 

However, the use of binders had its d 
intages Porosits reated ( pr ed 
Page lil 








parts which had litthe cohesion had to be han- 


dled very carefully. Later other metals besides 
tungsten, molvbdenum and tantalum offered 
commercial possibilities for the application of 
powder metallurgy. Most of the powders then 
made were reduced by OS from the metal 
oxides, and the particles had more or less 
vlobular shapes. Powders were used on a large 
scale in the manufacture of “porous” bearings, 
and again binders in the form of stearates, 
oleates, and oxides were used Ihe fact that 
porosity was desired permitted the use of globu 
lar or rounded particles. 

When it was realized that powder metal 
lurgy also offered a field for the production of 
solids, an entirely new problem had to be faced. 
The need for compressed products of high 
physical characteristics, in some cases high con- 
ductivity, created a demand for non-porous 
material. Production of powders of different 
vrain structures then became essential and they 
were made by electrolysis. Powders so pro- 
duced) gave irregular or angular” structure. 
Under pressure these particles interlocked, 
and this, with close control of particle size, 
resulted after heat treatment in an almost solid 
mass. The percentage of porosity was very 
small and disappeared during later working. 

The question “What holds metal powder 
compacts together without sintering?” occupied 
the writers mind continuously. Was it the 
interlocking of angular pieces, or the deforma- 
tion of rounded pieces which under pressure 
filled the interstices” 

We must be face to face with phenomena 
not fully understood. Metal powders, due to 
their method of preparation and subsequent 
annealing before use, have or should have very 
clean surfaces. The friction, during the act of 
compression, between the clean surface of one 
particle and the clean surface of another prob- 
ably develops suflicient heat to weld together 
the two particles. It is true such welding may 
i contined to the very surface. 

When, however, the friction is between 
particles of different metals, as for instance 
copper and tin, the friction causes suflicient heat 
actually to form an alloy. Migration of atoms 
into the adjacent fields of metal particles 
appears to take place. The welded or alloyed 
bond shows such strength that a slug formed by 
sullicient pressure could, even before sintering, 
be thrown with considerable force without 
breaking apart. 


The theory of “atomic welding” or alloying 





of metal powders was advanced by the writer 
about three vears ago during a talk on Powder 
Metallurgy before certain chapters of the ©. 
Since then, however, the writer has found con- 
firmation of his theory not only through obser- 
vation but also in the work of F. P. Bowden 
(Metallurgy and The Aero-Engine, Autumn Lec- 
ture, 1957, British Institute of Metals) who 
showed that when two metals were rubbed 
together even quite lightly, temperatures could 
be recorded electrically at the surface of con- 
tact. When suflicient pressures were applied 
the temperatures rose quickly to the melting 
points of the metals and by no increase of load 
or rubbing speed could the temperatures be 
made to rise higher. 

This initial bonding, welding, alloving o1 
migration of atoms at the very beginning of the 
operation namely, the compression facili- 
tates full diffusion during the subsequent heat 
treatment. 

Powder metallurgy is such a new art that 
metallurgists engaged in it have to deal quite 
often with theories whose correctness can only 
be proven by extensive work, much of which 


lies in the future. CHARLES Harpy 


Ghosts 


¢ 


1 Point of Nomenclature: Is it Sorbite, Fine 
Pearlite, or a Scotty Guarding a Penny? Phot 
at 1000 dia. of S.A.E. 1095 by Milton H. Grams 
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to him about Bobby. He’s my cousin, and 
he’s just five weeks old. And they haven't 
got a telephone where he lives! 

“One of these days his mother’s going 
to run out of his talcum. Or she’ll want his 
father to stop at the drug store on the way 
home for oil. Or maybe she’ll want to ask 
the doctor about that rash on his back — 
Bobby’s back, I mean. 

“Then suppose some week he gains six 
ounces. Don’t they expect to tell their 


friends news like that? 





“Well, how is Bobby’s mother going to 
do all those things besides her marketing? 
“I’m going to see if my Daddy can’t fix 
it. He’s always saying how good telephone 


service is—and how cheap.” 





BEL I 
4 4 


You are cordially invited to visit the Bell System exhibit at the Golden Gate Int 
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"| Wonder What 


Time My Daddy 
Will Telephone? 


ce 
The minute he calls up I’m going to speak 
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PERSONALS 


Elected 
Electro Metallurgical Co.: James 
H. Critchett @, who has been in 


charge of research work, and 


vice-presidents ol 


Francis B. Morgan, who has been 


works manager 


Harold A. Brown @ is now 
research assistant, American 
Steel & Wire, Worcester, Mass 


66 Stuart Ss 


SupeR-Koot 


Dp axre ut? 
BAWing “Come OU 
tetieees 


Lorin L. Ferrall @ has resigned 
as metallurgist for Timken Rol- 
ler Bearing Co. to go with the 
Rotary Electric Steel Co., Detroit 


George W. Colton @ has 
resigned from Yale University to 
become assistant chief engineer, 
Crawford Oven Division of 
American Machine and Foundry 


Co. in New Haven 
Elected 
Haynes Stellite Co.: E. E. LeVan, 


formerly general sales manager 


vice-president of 











IS DEEP DRAWING OF STAINLESS STEEL 
A PROBLEM WITH YOU? 


IF SO, WIRE OR WRITE AT ONCE FOR 
FREE WORKING SAMPLE OF 


Stuart's SUPER: KOOL 


EXTRA HEAVY DUTY DRAWING COMPOUND 


A thoroughly tested deep drawing lubricant widely recommended by leading makers of stain- 
less steel, and in daily use by well known production plants. 

Stuart's ‘‘SUPER-KOOL" sprayed or brushed on the stock prevents metallic seizure and allows 
proper slippage when angles are sharp and where pressures are extremely high. Containing 
no pigment its cleanability is an interesting factor to many plants. 


Address request for free sample to General Offices, 2727-2753 South Troy Street, Chicago 














D. A. STUART OIL CO. LTD. 


ESTABLISHED 1865 


CHICAGO =. - 
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Warehouses in Principal Industrial Centers 
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Leland L. Pelligren @ is now 
employed in the research labora- 
tory of Chicago Steel & Wire 
Co., assistant to Oscar E. Swen- 
son @. research metallurgist 


Transferred: W. N. Thornton 
©. Lieut. Comdr. U.S.N., from 
command of U.S.S. Simpson to 
Nortolk Navy Yard as engineer- 


ing planning officer. 


R. M. Clevenger ©, laboratory 
foreman at Farrell Works of 
Carnegie-Illinois Steel Corp., has 
been transferred to the Ohio 


Works as a metallurgist. 


Thomas W. Frank ©. Cornell 
‘38, Is now employed in the 
metallurgical laboratory, Timken 
Roller Bearing Co. 


Robert B. Freeman @ has been 
transferred from assistant plant 
metallurgist at Torrance Works 
of Columbia Steel Co. to the San 
Francisco oflices as assistant to 
G. L. von Planck @, chief metal- 


lurgist. 


Albert J. Fischer @ is now 
with American Cutting Alloys, 
Lewiston, Me., engaged in chem- 
ical analysis and development of 


powdered metal. 


F. K. Ziegler @, formerly Chi- 
cago district representative of 
the Electro Alloys Co., is now 
serving in the same capacity for 
the Cooper Alloy Foundry Co. of 
Elizabeth, N. J 


Arthur J. Williamson @, form- 
erly metallurgical assistant, John 
A. Roebling’s Sons Co., Trenton, 
N. J., has been added to the tech- 
nical staff of Summerill Tubing 
Co., Bridgeport, Pa., as metal- 
lurgical engineer in charge of 
research and development 


Richard Hammerstein @ is now 
with the metallurgical department 
of the Gary sheet mills of Car- 
negie-Illinois Steel Corp 


Walter A. Janssen @ has been 
appointed chief, Metals and Min- 
erals Division, Bureau of For- 
eign and Domestic Commerce, 
Department of Commerce, Wash- 


ington, D. C 
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1T’s 10 To 1 


«++ your vital problem right now is a better product at 


a competitive cost; and improved materials may be the 
answer. A recheck of your alloy steel specifications 
may well bring to light possibilities for added economy 
and efficiency through a broader use of Molybdenum 
steels. 

Here's a concrete case. Several important manufac- 
turers of steam generating equipment have adopted 
Carbon-Molybdenum steel for many different parts. 


They find that the higher creep strength of the steel 


makes possible higher operating temperatures and 
pressures. In addition, Carbon-Molybdenum steel is 
easily welded. 

What is more, Carbon-Molybdenum steel! not only 
meets the physical requirements, but comes within the 
cost limitations that always exist. We will gladly send 


our technical books, “Molybdenum in Steel” and 





“Molybdenum in Cast Iron”, free to any engineer or 





production man interested in improved materials giv- 


ing more per alloy dollar. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 






Clima 
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PERSONALS 


L. B. Ely @ is now manager, 


process service department, 


Southern Division, The Linde Air 


Products Co., in Birmingham. 


Howard O. Nordquist © is 


now an open-hearth metallurgist 


Felix F. Aloi @, 
metallurgist, 


Transterred: 
from strip” mill 
Lackawanna plant of Bethlehem 
Steel Co., to central metallurgical 
division at Bethlehem as assistant 
metallurgical engineer, covering 
sheet and tinplate products for 
all plants of Bethlehem Steel Co. 


Promoted: William P. Knecht 
© to European manager for the 





Steel Co. of America 
with headquarters in London. 


You lan lut Cleaning Costs 
OM CASTINGS-FORGINGS-HEAT TREAT 


and also get 
these EXTRA 
BENEFITS: 


Indiana Har- Crucible 


at Inland Steel Co.. 
bor plant. 


© IMPROVED MACHINABILITY 
® LONGER TOOL LIFE 

© EASIER INSPECTION 

® REDUCED SCRAP LOSSES 

® LESS BREAKAGE 

* FASTER CLEANING 

© BETTER FINISHES 

© CLEANER OPERATION 





USE AIRLESS WHEELABRATING 
The Centrifugal Abrasive Blasting Method 





WHEELABRATING cuts cleaning costs because: it saves power up to 80%— 
it cleans work cheaper per ton because it cleans more of it in less time — it 
loading and unloading are quicker and 





requires less labor to operate 


more convenient. 


But, in addition to these advantages, Wheelabrating will provide extra 
profits for you if you produce for your own plant use. And it will help you 
sell if you are producing for others, because Wheelabrated work is perfectly 
clean. Consequently machining is faster, and tools last longer. Then, too 
Wheelabrating makes inspection easier by washing out and uncovering sur- 


face defects, thereby eliminating scrap work before costly machining. 


Minimized breakage — improved finishes — and cleaner operation are only 
a few of the other advantages of this revolutionary cleaning process. Why 
not write for further information today ? 


FOUNDRY EQUIPMENT CO. 


$11 S.BYRKIT ST. MISHAWAKA, IND. 





"America 
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C. O. Fairchild, @, Director ot 
Research for C. J. Tagliabue Mfg. 
Co., Brooklyn, has been appointed 
chairman of a committee to 
organize an exiended symposium 
on temperature measurement by 
the American Institute of Physics. 


Lt. Charles B. Martell, U.S.N., 
©. is concluding the third year 
of Naval postgraduate work in 
ordnance metallurgy, including 
tour of various plants engaged in 


Navy work. 


Kenneth Lewis @ is graduated 
from Michigan College of Mining 
and Technology and is now 
working at the Rotary Electric 
Steel Co., Detroit. 


Promoted: D. J. Richards, past 
chairman, Pittsburgh Chapter @, 
from divisional sales manager to 
manager of steel mill sales for 
E. F. Houghton, Philadelphia. 


A. B. Lindsay ©, for the past 
20 years with Strong, Carlisle & 
Hammond Co., announces the 
formation of Lindsay & Co., for 
engineering and building indus- 
trial furnaces and equipment. 


J. J. Beinlich @ has been made 
metallurgical observer in the 
Clairton Works, Carnegie-Illinois 
Steel Corp. 

Robert M. Irving ©, formerly 
with Hammond & Irving, Inc., 
Auburn, N. Y., 
own forging plant in Syracuse, 


has opened his 


the Irving Forgings Co 


Walter M. Albrecht @, form- 
erly assistant metallurgist at the 
American Hoist and Derrick Co., 
St. Paul, is now connected with 


Chain Belt Co., Milwaukee. 


Harold McCrensky ©, M.LT. 
‘38, is now employed by the Pen- 
insular Grinding Wheel Co., 


Detroit. 


John L. Burns @ is now assist- 
ant superintendent of the Wire 
Division of Republic Steel Corp., 
at the Grand Crossing plant in 


Chicago. 














Associated Company 


WEAN ENGINEERING COMPANY, INC 
WARREN .... OHIO 
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EXPERIENCE IN FURNACE BUILDING 


The first Flinn & Dreffein furnace was 
designed in 1907—thirty-two years ago. 
Since then, we have engineered and 
built practically every type of indus- 
trial fuel equipment. 


We have furnished fuel equipment 
for the steel mill, the malleable iron 
foundry, for the automotive and farm 
implement companies and for the non- 
ferrous, wire and tubing, enameling. 
forging and heat treating industries. 


We have built more furnaces for the 
sheet mill than any other furnace 
manufacturer and our success in this 
field, where surface requirements are 
so exacting, will be significant to every 
heat treater. 





























Flinn & Dretfein Pack and Pair Fur 
naces are standard for the rolling of 
steel sheet. 


Today. these thirty-two years of fur 
nace experience are at your service. 
May we quote on your requirements? 


@ Annealing .. . Billet heating... 
Bright annealing . . . Bright hardening 

. » Controlled atmosphere .. . Car 
burizing . . . Scale-free annealing .. . 
Scale-free hardening .. . Drawing .. . 
Enameling . . . Short cycle malleable 
annealing ... Forging . . . Hardening 
. » » Normalizing . . . Continuous con 





veyor furnaces. 






























February. 1939: 


Page hid 








Prepare for a Profitable Year... 











HIGH LIGHTS 


of the program 


Technical Sessions covering topics such as 
Welding and Cutting in Petroleum Refining 
...Oxy-Acetylene Welding of High-Pressure 
Piping ... Maintenance in the Oil Refinery 

. Welding and Cutting in Petroleum 


Production and Distribution . . . Latest 
Practices in Pipe Line Welding . . . Hard- 
Facing .. . Gas Welding Oil Well Casings 


. Flame-Hardening Oil Field Equipment. 


Technical Sessions covering such subjects 
as Flame-Cutting with Small Machines .. . 
Oxy-Acetylene Machine Shape-Cutting . . . 
Plate-Edge Preparation . . . Economics of 
Machine Gas Cutting ... 


ing and Air-Conditioning . . . 


Plumbing, Heat- 
Safe-Ending 


of Boiler Tubes .. . Flame-Hardening . . . 


Agricultural Uses of Welding and Cutting. 


Staged Demonstrations of the Oxy-Acety- 


lene Process. 


Round Table Discussion of Welding Problems. 


WRITE TO THE SECRETARY NOW 
FOR AN ADVANCE COPY OF THE 
COMPLETE PROGRAM. 














LAA. 
CONVENTION 


VERYONE interested in the application or operation of the 
E oxy-acetylene process may attend and profit from the 39th 
Convention of the International Acetylene Association, which 
meets this year at Houston, Texas. Meeting on March 8, 9 and 
10, the convention presents an opportunity for you to prepare 
money-making and money-saving ideas in the early part of what 
promises to be a year of increased business activity. 

Recent developments and trends in the uses of the oxy-acety- 
lene process will be reviewed, co-ordinated, and discussed by 
foremost engineers and practical operators. A glance at the 
High Lights on the left will indicate how timely and important 
are the subjects to be presented. 

If you have attended the conventions during recent years, you 
will want to come again. If you have never attended the conven- 
tions, you owe it to yourself and your business to find out how 


valuable they are to users of the oxy-acetylene process. All 


sessions are open to everyone interested. There is no regis- 


tration fee. 







= -_ 


| wpUSTON 


TEXAS 


f RICE HOTEL 
MARCH 8,39 and 10 





INTERNATIONAL ACETYLENE ASSOCIATION 


ESTABLISHED 1898 





EAST 42ND STREET, NEW .YORKE, 
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HARVEY.ILL. Sales Offices in all Principal Cities BUFFALO,N.Y. 




















Today's high speed equipment exacts a far 
B and L, greater toll from the vital parts of the ma- 
chine than any ordinary carbon steels can 
stand. Industry must turn to specialized 
A L L OY grades of Cold Finished Alloy Steels to ob- 


tain the high physicals, so necessary for de- 


ST E; EI a pendable service under violent stresses and 
extra heavy wear. 


B & L engineers have developed and are supplying these electric fur- 
nace type special quality steels for aircraft materials, precision bear- 
ings, high-speed shafts and machine parts, subject to shock loading, 
severe vibration and extreme wear. 


Produced in B & L mills by closely controlled methods of manufac 
ture and inspection, B & L Cold Finished Alloy Steel Bars measure up 
to the maximum specifications and service tests, and are well adapted 
for modern fabricating operations and heat treating requirements. 


To users of such special steels, B & L service engineers offer experi- 
enced counsel and complete laboratory facilities for research and 
tests. Inquiries are invited on alloy steel applications. 
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’ (1400° CC.) is removed in 3 the proper manipulation of 


: . r) 
_ K ©) | | ( J min. by equal parts of calcium Cat, in the desulphurization 


carbide and common salt. For of larger amounts of metal. 

(Continued from page 146) this reaction 20 Ib. of the mix As a check on the crucible 
hot ladle where, due to = its ture per ton of iron was neces treatment and to obtain data 
high melting point, it) would sary. Originally the various on the desulphurization of 
be released slowly upon. the lots of iron contained 0.06 to larger amounts of metal, 150-Ib. 
iddition of hot metal. 0.16. of sulphur; in all experi- charges of metal were melted 

Results of tests in graphite ments the resulting iron con- in an electric are furnace and 
or fireclay crucibles show that tained 0.015‘ sulphur or less. desulphurized in the same 
more than 80° of the sulphur These results may be consid- manner as the crucible tests. 
in molten pig iron at 2550° F. ered the goal to be reached by Initial sulphur in these origi- 


nal irons was fairly low, but 
even so more than half of it 
LA SALLE’S NEW was removed in 8 min. by an 
BAR equal mixture of carbide and 
salt in the proportion of 20 Ib. 
per ton of iron. Representa- 
live tests are, 0.056 sulphur to 
0.022; 0.063 down to 0.025; 0.049 
down to 0.021: 0.039 to 0.015: 
0.0260 S in original iron to 
0.012‘: after treatment. 


Average temperature of 





the iron during the test was 


\ y ‘ \ \ q within the range 2450° F. and 
4 q 2550" F. (1337° CC. and 1100 
\ ag AS ye 4 A C.). The value of these tem- 





I 


REG. U.S. PA 
perature measurements 1Is_ to 


° show that desulphurization 


@ Parts made from STRESSPROOF No. 2 are can be accomplished at tem- 
ready for service following the last machining 







peratures in the blast furnace 


WORM SHAFT operation because as received by you, STRESS- 
PROOF No. 2 has a minimum yield point of ladle or in the mixer 
100,000 Ibs. per sq. in.; unique wearability ’ , 
and freedom from warpage. Minor changes in metal 
ee STRESSPROOF No. 2 is not presented as composition during desulphur- 

Machined at 165SF.°.M. the full equal to heat treated alloy steel or a ; G: 

Absolutely no warpage. case hardened steel but laboratory tests, pro- ization with carbide are noted. 
duction tests and the experience of hundreds Manganese and silicon are 
of users have proven that it will satisfactorily a ; 
serve for numerous applications now produced affected much less” bv this 







STOKER SHAFT from heat treated or case hardened steels. 


@ STRESSPROOF No. 2 is priced lower than 
any other high strength Cold Finished steel 


treatment than by alkali desul- 


phurization, although both ele- 





bar, has 80% the machinability of Bessemer 
ho og 0 ase f ments show a small decrease. 
th crew stock... and worthwhile savings must 
result wherever it is applicable. Ihe carbon content shows a 
@ Write. -- or return the coupon below... small increase in most cases. 
for descriptive booklet which will help you ; 
determine if you, too, can make savings which is accounted for by the 
LEAD SCREW through the use of this new steel. La Salle : = = ale; 
; { - 7) ‘ 
Steel Company, Dept. 2 B, Box 6800-A, carbon pick-up from calcium 
Chicago. carbide. The phosphorus was 


of lead of only virtually unchanged. 
Sz Desulphurization by other 
carbides has been considered, 


STEEL COMPANY 


is . . 

P yut calcium carbide appears to 
_— Cold Finished Carbon and Alloy Steel Bars and Shafting — Furnace Treated Bars but « lc ; PI . : 
weit ——_— a a a a a a a se eee be the most suitable for the u 
Rg LA SALLE STEEL CO., Box 6800-A, Dept. 2-B, Chicago, Ill. sod f pi = P . lj : j 
ZO Please send me booklet describing your new steel STRESSPROOF No. 2 tre atime nt 0 pig Iron. reiimi- { 
pret Nemne Title nary experiments show that 3 

ah yen — low carbon steel may also be 


Also send to : 
so desulphurized. 
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MAKE every 
dollar 

invested in 
pyrometers 
more productive 


with this 





PORTABLE PRECISION PYROMETER 


Here is a rugged yet extremely precise and flexible 
portable pyrometer. It is the ideal instrument for 
checking thermocouples and service instruments, 
enabling operators to keep indicating, recording or 
control pyrometers functioning at maximum accuracy 
A Foxboro Portable Potentiometer is inexpensive 
surance against interruptions and losses by inaccu 
racies in service instruments. 

This portable pyrometer may be used as a spare, for 
exploratory work, or wherever a permanent pyromete: 
installation is not desired. A temperature scale 17 
long on a vernier operated dial makes accurate read 


ings easy and positive. The instrument may be oper 


POTENTIOMETER 


ated in a horizontal or vertical position with equal 
accuracy. Cold junction compensation is provided 


: - 
You will find this new portable pyrometer a profit 


pyrometer can erated and describes the features 


in detail. The Foxboro Company, 52 Neponset Ave 





PYROMETERS 
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ressure vess¢ naws st ar ot allowed L’se X-fa tO mprove your! welding ODS tO increase 


X-ray inspectio S the recognized method for rofits. Write Department I 32, General Electric X-Ray 


> i. | T } } 1] 
et ng thet {(_orporation, Ol jacKSON Blvd.. Chicago illinois, for. 
But x-ray Inspectlo in ‘ ore tha Sst point out lescriptive information on the mocern, shockproof, eck 
haw which must De re Ove r corrected efore the wel omical X-ray apparatus that is finding so much favor an gv 





nmaws are discovered early in the job, ofr eariv in the career 
of the welding operator, they may be eliminated by cor 
} 


me GENERAL & ELECTRIC 
To correct technic is to assure more welds that pass the >: 8:04 CORPORATION 


most rigid inspection tO eliminate cCostiy corrections and 


recting tec 


(hus make welding production more profitable 
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RESENTIWVG 7, 


FORGING HANDBOOK 


a | 


Waldemar Naujoks, B. S., M. E. Donald C. Fabel, B. S., M. S. 


Chief Engineer, The Steel improvement & Forge Co. Head of Mechanical Engineering Department, Fenn College 
Cleveland, Ohio Cleveland, Ohio 




















SECTION HEADINGS The Society offers an opportunity for {SW members to obtain this out- 
standing. useful handbook — the only one of its kind ever published — 
. at a special pre-publication price of $6.00 The book will sell for $7.50 
The F 
e Forging Industry after March 10, 1939 Six hundred thirty pages, with more than four 
Forge Plant Equipment hundred photographs, sketches and curves Dosens of Reference 
Die Block and Process Operations tables. covering the forging field (loth Bound in Red O&O « 9 inches 
Forge Dies and Tools 
. ae You . the engineer the metallurgist the shop superintendent the buyer 
orging Practice the man at the machine the student of technology will find a wealth of information o 
Finishing Operations design . processes materials little forgings big forgings tools and dis 
Heat Treatment of Forgings . . new developments 
Cleaning of Forgings For you in the forging industry, plenty of food for thought on forge shop equipment . . . industr 
The Testing and Inspection of Forgings practice metal temperatures . handling maintenance plant layout estima 
Materials Handling ing . Costs safety 
Forge Plant Design For the student entire background of the forging industry illustrations showing the develos 
Forge Plant Maintenance ment of modern forging machines written in a teachable style 


Furnaces and Furnace Design Read the table of contents — it answers your questions: How can it be designed? What materia 
shall | use? Can it be forged? Is it practical? What is standard practice? How about the be 
heat treatment? — it's all in the FORGING HANDBOOK 

Practical experience with technical background gathered from the experience of scores of man 
facturers who are ‘‘tops’’ in their field. Presented in an interesting style easily read 
readily understood authentic and complete 

Get in your order! At the special pre-publication price of $6.00 to ASM members—reguler pric 
of $7.50 effective after March 10 — the first printing will not last long. Fill out the coupon an 
mail with your check or money order 


Designing the Forged Part 
Forging Materials 

Job Estimating 

Costs and Cost Engineering 
Forge Shop Safety 

Forging Definitions 
Mathematical Tables and Data 

























American Society for Metals 
7016 Euclid Ave., Cleveland, Ohio 


: - Gentlemen 
Please send me a copy of the Forging Handbook at the special pre 
publication price to members of $6.00. | am"attaching check ( ), money 
order ( ), cash ( ) for this amount 


Name 
Euclid Avenue Cleveland, Ohio an 


Address 




















City : 








= Spectrum Plate viewing box 
Complete Uluminating system for 
B & L Medium Quartz Spectrograph 


“= 


BM ned 5 





titra Violet Sector Photometer Density Comparator for quantitative 


analysis 


B&l 
ACCESSORIES 


Spectrum Measuring Microscope 


INCREASE THE VALUE OF ANY 
SPECTROGRAPHIC EQUIPMENT 


BAL Spectrographic Accessories. a few of which 
are illustrated here, will broaden the usefulness 
of any spectrographic equipment. Used with 
B&L Spectrographic Equipment they make 
possible a matched unit suited for the most 


exacting work. 


To assure the spectrographer of maximum use- 
fulness over the longest period of time, every 
BAL Spectrographic Accessory is constructed to 
the highest standards of accuracy and permanent 


rigidity. 


Included among the B&L = Spectrographic 
Accessories are illuminating units, spectrum 
measuring microscopes, sector photometer, den- 
sity comparator, ete., all of which are completely 
described in B&L Catalog D-20. For your copy, 
write Bausch & Lomb Optical Co., 638 St. Paul 
St.. Rochester, \. Y. 


BAUSCH_& LOMB 


FOR YOUR GLASSES INSIST N Bal 


MTHOGON LENSES AND Bal FRAMES 








TIN COATINGS 


from vwapor 


(Continued from page 155 

the amount of coating per unit time increases 
slowly up to about 1025° F., above which the action 
increases quite rapidly. The speed of deposition 
probably represents the diffusion rate or the ability 
of the copper to saturate itself with tin under any 
given temperature condition As the sample is 
heated to higher temperatures, diffusion becomes 
increasingly rapid and a deeper layer of tin-copper 
alloys is formed. 

A litthe moisture in the atmosphere is harm- 
less. Natural gas, CQO, nitrogen and steam are 
unsatisfactory atmospheres. In a_ large-scale 
operation an atmosphere of hydrogen and_ tin 
chloride would be circulated over the work and 
then back to a body of metallic tin; in such a 
regenerative cycle the gas can be conserved and its 
cost minimized. 

Tin is undoubtedly deposited as pure tin on 
the surface of the material being coated. Since it 
is molten and at a temperature sufficiently high for 
an alloying action to take place with most metals, 
the tin does not long remain pure unless the rate 
of deposition is much greater than the rate of 
diffusion. One would consequently expect the 
coating to consist largely of a tin alloy of composi- 
tion dependent on the factors governing diffusion, 
that is, temperature, time, and character of the 
basis metal 

With copper as the basis metal, the coating 
may have a complicated structure or consist of 
a series of bands due to the many tin-copper 
intermetallic compounds, to phases that undergo 
decomposition on cooling, and to the tendency 
for alpha bronze to form next to the copper. 
The actual reaction at the surface is very simple: 
SncCl. H. = Sn 2HCl, a reaction which is 
“catalyzed” to proceed from left to right by con- 
tact with a second metal, and which is reversed 
regenerated) by contact with pure tin. 

Other metals and alloys were effectively stan- 
nized, such as bronzes and brasses. Steel acquired 
a thin but fairly continuous coat in 30 min. at 
temperatures between 950 and 1025° F.; at 1110° F. 
a heavier, more granular deposit was obtained. 
Zine and its common alloys were also stannized. 

Tin is not deposited by the stannizing method 
on glass or refractory material. Occasionally, how- 
ever, droplets of tin are noted on ceramic material 
at a few points where it is suspected that local 
impurities are reduced to metal by the hydrogen 
atmosphere. Apparently a metal surface is needed 
to activate the decomposition of the volatilized tin 


compound. 
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No brow-wrinkling if you have a 


Bethlehem Tool Steel Guide 


HERE’s a 36-page booklet that gives a clear 
picture of the entire range of tool steels and 
their fields of use, plus a systematic method for 
selecting the right steel for the purpose. 

By means of a few direct, easily-answered 
questions this guide will lead you to the group 
of perhaps three or four steels that have the 


general qualifications for your job. Then the 


Bethlehem, Poa 


Please send me free 





Nome 


City 


BETHLEHEM STEEL COMPANY 





ot the Beth ehem 


py 


data on physical properties, comments on the 
general nature of the steels and tables indicat 
ing types generally used for various purposes 
will enable you to accurately select the most 
suitable grade for your particular purpose 

This booklet will save you much brain 
racking 1n selection of steel and will help you 
avoid losses in time and material through us 
ing the wrong steel 


Clip the coupon and send for your copy. 


It’s free. 











































(B POLISHERS 


FOR METALLURGICAL LABORATORIES 


Solve the problem of efficient, economical sample preparation. 
Vibrationless operation and selective speeds eliminate pit- 
ting. Interchangeable 8 inch diam. polishing discs increase 
peripheral speed latitude. Sturdy construction, comfort, and 
convenience have contributed to their unequalled popularity. 


Selective speeds 575 and 1150 r.p.m. 








A-B STANDARD POLISHER 


radial, and thrust ball bearing motor. 


A-B LOW SPEED POLISHER 


The ideal solution where slow speed polishing 


is required. Operates at 250 r.p.m. 





ASK FOR YOUR COPY OF 





Vertical 


“THE METAL ANALYST” 


Adotoh I Buckler 


OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 


228 NORTH LA SALLE ST. ** 


CHICAGO ILL. 





TWENTY FIVE 
POUNOS TO 





meg FURNACES 


TONS CAPACITY for 


MELTING - REFINING-SMELTING 


Alloy and Carbon steels 

Gray and Malleable irons 

Copper and Nickel and Alloys 

Ferro-alloys, Carbide, and Special products. 
Furnaces available in top-charge type with quick 


raise and swing roof also in door-charge types. 


RAPID - ECONOMICAL - RUGGED 


PITTSBURGH LECTROMELT 
FURNACE CORPORATION 


FOOT 32ND ST. PITTSBURGH, PA. 





INDUSTRIAL 


FURNACES 
of all kinds 


FORGING, HEAT TREATING. METAL 
MELTING, ETC. 
oo 
CAR TYPE FURNACES, CONVEYOR 
FURNACES and the STEWART GASIFIER 
3s 


A Stewart representative is located near you. Let us 
know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 


1104 South Central Avenue, Chicago, U. S. A. 

















| FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., $., Toronto, Ontario, Can. 


Eastern Branch Office: 11 W. 42nd St., New York, N. Y. 
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‘How can the P.C. accelerate 


my wheels of business, Lad?” 













-_ 


“He drives you: 
costs down and 
quality up. Here’s 
how, Pop.” 














HOW YOU CAN PROFIT MOST WITH WELDING 


@ “Let’s look at the records, Pop. 
Here’s one company whose business 
grew from $200,000 to $5,600,000 in 
6 years—largely through the drive 
of their P. C. (story on request). | 
could cite hundreds of cases of com- 
panies that have followed the plan I'n 
going to tell you about and who are 


today getting more r. p.m. and fewer 






EQUALITY 


squeaks from their wheels of business. 


“The plan is simply this: Call to 
arms a crusading executive with a yen 
for welding and give e him the author- 


ity to ‘go to town.” Since the results 


ol his efforts are inc reased prof its, we 


call him the Profit Crusader, or P. ¢ 


“Here is an example of the work 
of the Profit Crusader in one plant \ 
= ; 
The part is an axle of a hay rake, a 


| | ‘ 
formerly consisting of an assembly 





of castings and truss rod which 
frequently became loose in service, 
The Profit Crusader available for the 


requiring repair. asking which gives 


, , — 
took an angle tron, flat bar and valuable suggestions for the 


Profit Crusader. Write for a free 
COpy And t ) all 


some 
p late and welded them into a perma 


nently rigid unit. The farmer got a 


shimmy proof hay rake and the man with the nearest Lin office. These 
ufacturer saved 30”%e on the part. people will do , — 
wre , , ss 
There’s an attractive DooKkiet I iness i ig 


r y i ’ 
acturers cigili 


argest Manuf 


THE LINCOLN ELECTRIC COMPANY 


DEPT. MM-S66 CLEVELAND, OHIO 
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THIS MODERN HIGH-SPEED, 
HIGH PRODUCTION MACHINE 


Asbt 


oI Sateen 


REQUIRED GEARS OF... 
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(Baker No. 344-16 Three Way, Unit 
Type Way Driller and Tapper) 


ONLY AMPCO METAL 
MET THE DEMANDS FOR SHOCK- 
PROOF, WEAR RESISTANT, AND 
SILENT OPERATING QUALITIES. 


Baker takes 


eare of four operations, accurately and 


This remarkable machine 


at high speed—drilling, reaming, cham- 
on steering handle 





fering, and tapping 
support arms, Gear trains must be built 
to “take it’? and that’s why Baker chose 


Ampco Metal for vital gears. 


The driving heads are equipped with 
Ampco Metal gears running with heat- 
treated, SAE 2340 steel gears. 


bination successfully meets all demands 


This com- 


for shock-proof, wear resistant, and silent 


operating qualities. 


Ampco Metal is the usual choice of ma- 
chine tool builders for extreme service 


parts where long life is also demanded. 


AMPCO METAL, INC. 
Milwaukee, Wis. Dept. MP-2 


The book “An 
Metal — Its Use 
Modern 


will interest 


In some one of its six 










grades Ampco Metal 


can very probably Indus 
solve a problem for 
you . . . had hy not write for a copy . 


check with us? 





ee ne ee ee 


BEFORE YOU SPECIFY .. 





Ipco 
* im 
oon 


you, 


INVESTIGATE amPpco) 


RIMMING STEEL 


(Continued from page 147) and the whole struc- 
ture indicates a gradually increasing pressure 
during solidification. 

The effects of pressure are evident in the 
region of the intermediate holes which form 
just after the top surface of the ingot has com- 
pletely frozen over. These holes are usually 
accompanied by irregular segregates of impure 
metal which has been squeezed out from the 
semi-solid mass of steel to fill or partly fill them. 
A fairly definite “upset” structure can be seen 
in this region, resulting from deformation by 
the great pressures developed within. 

A number of special conditions of freezing 
were investigated. Early capping of the ingot 
shifted the line of intermediate holes nearer to 
the surface so that they coincided with the inner 
end of the rim holes. The central region of this 


The 


reverse procedure, keeping the ingot open by 


capped ingot was phenomenally sound. 


insulating the top, produced a spongy top and 
large core holes. Oscillation of the mold around 
its axis during rimming produced an ingot with 
two distinct sets of intermediate holes. 

In addition to the very detailed study of 
the structure of the ingot, the report contains 
data on rate of freezing, gas evolution, segrega- 
tion and non-metallic inclusions which, in gen- 
eral, are in agreement with results reported by 
investigators in England and America. These 
observations form the basis for a detailed dis- 
cussion of the mechanism of solidification and 
blowhole formation which clarifies many for- 
merly obscure features of ingot structure. 

he final section of the report contains a 
discussion of various factors influencing the 
rimming process. The authors’ conclusions in 
this regard ure in agreement with experience in 
this country. Briefly they state that: 

Sufficient 
gas evolution will tend to produce ingots with a 


over-oxidation to produce copious 
sound rim zone. 

In rising steel, which is under-oxidized, the rim 
holes may extend to the top of the ingot. 

A high casting temperature leads to retention 
of gas and thinner skin. 

A low casting temperature favors rapid gas 
evolution and thicker skin. 

A slow casting rate, especially very slow filling 
of the mold as when bottom pouring a group of 
ingots, permits more gas evolution and is conducive 


to thicker skin. * 
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Our 


Furnace Performance 


CANNOT 
EXCEED 


OUr 


Controller Efficiency 








CAPACITROL 


The Wheelco 


Radio Principle 
Proportioning Controller 


*Completely eliminates time lag be- 
tween temperature deviation and 


control action, affording highest effi- 
ciency from your furnace investment. 


*There are no moving parts to wear 
out or interfere with control effi 








aoa 4 





ciency. 








tad Sts 08 











*Effects 80°. closer control] than the 
highest priced mechanical controller 


on the market. 














*Sells in the lower price ranges, due 
to its simplicity of construction. 














Time lag between temperature deviation and control action, together with lost motion caused 
by wearing parts in your controller, will materially affect the output of your furnace and es 
tablish needless wear and tear, which in the final analysis can only appear on your books 
as loss. 

Stop this loss with the CAPACITROL. The initial cost is low. Its simple construction, free 
of moving parts, assures long dependable service and efficiency far surpassing that of all 
other known instruments and your furnace investment produces materially increased returns 
in less working hours. 

The CAPACITROL is producing astonishing results in every department of temperature con 
trol. It is the only controller that assures successful operation under all service conditions 
due to its simple wiring circuit and one tube design. 


Complete data, description and illustrations forwarded promptly on request 


WHEELCO INSTRUMENTS CO. 


1929-33 S. HALSTED STREET - CHICAGO 
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Born in Ann Arbor in 1902, Hudson T. Morton 
naturally attended University of Michigan, grad- 
uating in 1924 with a B.S. in Chemical Engineering 
He became affiliated with the Hoover Steel Ball Co 
as chemist and in 1927 was promoted to metal- 
lurgist In 1936 he became chief metallurgist of 
the renamed Hoover Ball and Bearing Co., handling 
the usual duties pertaining to inspection and test- 
ing of raw materials, heat treating procedure, and 
research. He has written articles on strip. steel, 
stainless steel, and similar subjects which have 
appeared in Metal Progress, @ Transactions, and 


trade and technical magazines 


& s & 


The new application of are welding described 
by Robert E. Kinkead in the leading article in this 
issue is a result of his work as consulting engineer 
in welding for Carnegie-IIlinois Steel Corp. over a 
period of about two years For this paper he 
received the third grand award of nearly S9000 in 
the Lincoln Are Welding Competition, and thus 
became the envy (if not the inspiration) of con- 
sultants everywhere. Mr. Kinkead, a graduate ot 
Ohio State University, has been a Cleveland con- 
sulting engineer in welding for many vears. Some 
vears ago he prepared an engineering appraisal of 
the welding processes which appeared in Metal 
Progress in four installments 

° 8 ° 

Now technical consultant to the sales depart- 
ment for A. O. Smith Corp., T. McLean Jasper has 
been well grounded in the mechanics of materials 
\ graduate of University of Illinois, he had a few 
vears’ technical experience before joining the Royal 
Field Artillery during the World War. After the 
Armistice a year was spent as assistant professor 
of mechanics at University of Wisconsin and five 
vears as research associate professor of engineer- 


Ing materials at University of Illinois. In 1926 he 


Hudson 
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joined A. O. Smith Corp. While at Illinois, he also 
acted as engineer of tests for the National Research 
Council on its Fatigue of Metals Investigation, and 
is the author of several bulletins on this subject 
as well as many other papers on high temperature 
strength of steel, welded pressure vessels, elastic 


problems and associaled engineering mechanics. 


& oS o 


“By his many successful investigations into the 
physical and chemical properties and behavior of 
metals and alloys, and especially by his invention 
and development of gamma-ray radiography, he 
has rendered extraordinary service to American 
industrial enterprise.” said in part the citation 
accompanying award of the honorary degree of 
I). Se. to Robert F. Mehl by Franklin and Marshall 
College last spring. Mehl received his B.S. trom 
that institution in 1919 and his Ph.D. from Prince- 
ton in 1924. From 1923 to 1925 he acted as head of 
the department of chemistry of Juniata College, 
and was a National Research Fellow at Harvard 
University from 1925 to 1927. After short periods 
as superintendent of the division of physical metal- 
lurgyv, Naval Research Laboratory, and as assistant 
director of the research laboratories, American 
Rolling Mill Co., he joined Carnegie Tech in 1932 
to direct the Metals Research Laboratory. Since 
1935 he has headed the Department of Metallurgy. 


o o S 

George Warren Walker retired about a year 
ago from active work, and “is enjoying a library ot 
some 800 volumes accumulated in the course of 
about 50 vears”— as he says and as he might have 
added: “This were paradise enow!” He worked out 
the method for rating steel by non-metallic inclu- 
sions shown on the data sheet, page 167 and 
described in his letter on page 169 during the 12 
vears he was in charge of the metallurgical labora- 
tory of Chevrolet Motor Car Corp 


r. McLean Jes Robert F. Mehl 
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RECRYSTALLIZATION 


(Continued from page 159 

ature for cold-worked iron. Reerystallization does 
not occur below 460° C., and the temperature where 
it begins increases with decreasing deformation 
until A. is encountered. This diagram, obtained 
for deformation at the temperature of recrystalliza- 
tion, differs from a diagram for detormation at 
room temperature and recrystallization at the des- 
ignated temperature only in degree the veneral 
form is the same, as indeed it is for all metals and 
alloys. Therefore, for degrees of deformation and 
annealing temperature to the left of and below the 
curve no reerystallization occurs, no change in the 
vrain structure can be detected; in this range 
recovery occurs 

The exact position of such a curve will vary 
with a number of factors including the type ol 
deformation, the original grain size, and purity 
Even slight differences in purity exert a wholly dis 
proportionate effect. It is ordinarily difficult to 
determine the applicability of published data to a 
given material, for frequently important variable 
factors have been disregarded. 

The grain size developed on heating samples 
which have been deformed to increasing degrees is 
especially instructive. The middle curve on page 
159 shows that a “critical” deformation of about 
7 is required before any change in grain size 
occurs in low carbon steel. This formation of large 
grains on recrystallization at the minimum detfor- 
mation is probably caused by the occurrence of a 
minimum of nuclei; at degrees of deformation 
below this the number of recrystallization nuclei 
becomes disappearingly small; with increasing 
degrees of deformation, an increasing number ol 
points of high stress (high energy) are present, 
leading to a greater number of nuclei, a greater 
number of grains, and a smaller grain size 

The last figure shows that for a _ constant 
annealing temperature shorter times are required 
for recrystallization at higher degrees of deforma- 
tion, and shows also that with increasing tempera- 
tures lower degrees of deformation and shorter 
times are required for recrystallization. Such gen- 
eralizations are applicable when the type of defor- 
mation is simple, as, for example, increasing 
amounts of compression, but when several types 
are superimposed, or when reversed deformation 
occurs, the reerystallization tendency is decreased 
even though reversed deformation may continue to 
work harden the metal. The reason for this phe- 
nomenon is not clear. 

The effect of original grain size on recrystal- 
lization can readily be understood. The amount of 
strain hardening which a given amount of com- 


(Continued on page 194 
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. Roll-Down Tube-Reheating Furnace (Over- and Under-Fired) 
Oat designed and built by Salem Engineering Co., Salem, Ohio 


B&W REFRACTORIES 


Flat suspended roof —B&W K-30 and K-30-3 Insulating Firebrick backed 
with B&W K-20 


End and side walls—B&W K-30 IFB backed with B&W K-20 

Piers —B&W Junior Firebrick 

Bottom —B&W Junior Firebrick insulated with B&W K-26 and B&W K-20 
End of hearth opposite discharge door — B&W Plastic Chrome Ore 


Exterior of the Roll-Down Tube-Reheating 
Furnace, installed at The Babcock & Wilcox 


RAPID heating rate (4 Hours) Tube Company, Beaver Falls, Pa. R81 
NO SPALLING OR 
CRACKING, during short 


on-and-off cycle 


@ LOW COST — installation 


and maintenance 


THE BABCOCK & WILCOX COMPANY 
Refractories Division 


19 Rector St., New York, N. ¥ 


BABCOCK & WILCOX 
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Sentry High Temperature 


Tube Combustion Furnace 
Now Available In 


Single And Double Tube Models 





Operating temperatures up to 2500 F. offer 
greater speed and precision for combustion 
analysis or other laboratory procedures 


Results guaranteed 
Write for bulletin 1016-1 
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treating. 
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(lel bails lias ag.F 


201 NORTH WELLS STREET. CHICAGO ILL. WK wf 





Vetal Progress: 


RECRYSTALLIZATION 


(Starts on page 156 

pression, elongation, or torsion introduces into a 
metal increases as the grain size decreases. When, 
in a given metal at a single temperature, equivalent 
amounts of strain hardening are introduced, requir- 
ing large amounts of deformation for large grained 
metals and small amounts of deformation for small 
vrained metals, the recrystallization behaviors are 
apparently identical 

The relationships between degree of detorma- 
tion, annealing temperature, and resultant grain 
size have frequently been assembled into a three 
dimensional chart. They are commonly derived 
from data obtained using constant (Cand short 
annealing times; furthermore, the factor of original 
grain size is not represented. <A five dimensional 
chart would be required to show all of these rela- 
tionships. This timitation of three dimensional 
diagrams, the occasionally extreme ellects of minor 
amounts of impurities, and the complications intro- 
duced by the complexities of industrial forming 
processes with resultant complexities in internal 
stress distribution, render such charts of little direct 
practical use. They should be used only to indi- 
cate the recrystallization behavior of a material in 
a roughly qualitative way. 

Reery stallized cold-worked metals can exhibit 
preferred orientations and directional properties, 
though they may not be identical with those which 
characterized the metal before reerystallization 
Relatively little is known concerning the inheritance 
of preferred orientations during recrystallization 
and no generalizations can be made 

Impurities in solid solution exert a pronounced 
effect upon recrystallization temperatures. The rela- 
tively minor variations in composition in the several 
varieties of copper have been noted. Increasing con- 
centrations in solid solution become increasingly 
less effective until, In a completely isomorphous 
system, a maximum recrystallization temperature 
is reached at an intermediate composition, which 
may be tar above those of the component metals 
It has trequently been stated that impurities which 
do not form solid solutions have little effect on 
softening and reerystallization temperatures; this 
generalization is somewhat doubtful, for at least in 
the case of aluminum alloys such impurities are 
employed to raise the temperatures required for 
recrystallization, and when present in a sufficiently 
fine state of subdivision are more powerful in this 
respect than elements in solid solution 

Grain Growth The curves tor copper on page 
lo7 show softening and recrystallization to have 
been completed at 400 


ing grain size on heating beyond this temperature. 


, but show also an increas- 
(Continued on page 196 
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RECRYSTALLIZATION 


(Starts on page 156 

his growth of grains in a completely recrystallized 
and strain-free structure is known as grain growth 
It proceeds in an endeavor to decrease the grain 
boundary area and thus the internal energy. Grain 
growth proceeds by the absorption of smaller by 
larger grains, and doubtless accompanies and over- 
laps recrystallization, as defined above. It is espe- 
cially noticeable following the recrystallization of 
severely deformed aggregates, for the grain size 
after recrystallization in this case is small and grain 
growth is readily noted, whereas in samples 
recrystallized after slight deformation the original 
grain size is large and the subsequent grain growth 
is minor. Slow heating favors the growth of large 
grains, Which in some cases may become very large 

Impurities in solid solution have a minor effect 
on grain growth, but undissolved impurities exert 
a pronounced effect. With very pure substances 
grain growth proceeds steadily, with the average 
grain size increasing with increasing annealing 
temperature. But if undissolved impurities, such 
as thoria in tungsten, iron in aluminum, lead in 
zine, are present in the proper amount, the grain 
size is then small at low temperatures and suddenly 
increases in a narrow temperature range forming 
unusually large erystals; when the amounts are 
larger, grain growth may be entirely prevented 
Thus immiscible impurities may be used either to 
suppress grain growth at relatively low tempera- 
tures or to create unusually large grains at higher 
temperatures 

Bibliography The bibliography on recrystal- 
lization is extraordinarily voluminous, and it is 
unnecessary to reproduce all of it here and useless 
to reproduce only selected references. The most 
complete summaries are those given by G. Sachs, 
“Praktische Metallkunde, v. Il, Spanlose Formung” 
published by Julius Springer, Berlin, 19384; and E 
Schmid and W. Boas, “Kristallplastizitat’, pub- 
lished by Julius Springer, Berlin, 1935. Sachs gives 
a complete summary except for iron and _ steel, 
while Schmid and Boas stress the scientific aspects 
of the subject. Data on the recrystallization of iron 
and steel may be found in P. Oberhoffer, W. Eilen- 
der and H. Esser’s book on “Das Technische Eisen”, 
Julius Springer, Berlin, 1936; and E. Houdremont, 
“Sonderstahikunde”’, Julius Springer, Berlin, 1935 
The material in the present paper has been drawn 
largely from these sources. An extensive bibliog- 
raphy on the reerystallization of iron and_ steel 
has been given by H. F. Kaiser and H. F. Taylor: 
“The Effect of Cold Deformation on the Recrystal- 
lization Properties of Armeo tron”, American 
Society for Metals, preprint, 1938 fall meeting 
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ZEISS 


PULFRICH PHOTOMETER 


fhsolute Colorimetry (Without 
Comparison Solutions) in 
Metal Analysis 


The presence of Silicon, Manganese. 
Nickel. Phosphorus. Copper. (Chromium. 
ete.. in lron. Steel or other metals, can 
be determined with the ZEISS Pulfrich 
Photometer within a working speed of 15 
to 25 minutes, and with an accuracy 
indicated by the following table: 


Min: about 0.015°) with content up 
v¢ 
tO 2% 

(Cr: about 0.025°, with content up 
r¢ 
to 2% 

(lu: about 0.01, with content up 
to 1°, 








Si: about = 5°; of the total content 
present over 0.5‘ 
about = 10° 7 with content under 
0.5° 


Instructions for the analysis of metals by 
absolute colorime try are available. and 
can be supplied. 


Catalog Mess 431 upon Request 
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AND DUST CONTROL UNIT. 








This inexpensive blast cleaning outfit, with 
its attached cloth bag dust collector, is just the 
equipment for many smaller heat-treating 
shops. Simple and economical to operate, it 
turns out a surprising amount of perfectly 
cleaned work for its small size. 
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crose 
Metallurgical i $200! 


For Less 


Here is a practical, easily-manipulated microscope 
that will enable you to make analyses of your metal 
grain structures with sufficient accuracy for all rou- 
tine control and ordinary 
research work. And it’s very 
reasonable, too. With all the 
necessary optical accessories, 
it costs less than $200! 

This simple microscope is suitable 
for beth low and high power mag- 
nifications. It has a permanently 
aligned light source and not only 
an aperture iris to regulate light 
intensity but also an iris dia- 
phragm to limit the field of view 
Thus, perfect control of the illu- 
mination system is possible 
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BOOKS 


Ir IS impossible to carry a complete 
knowledge of metals in your head. 


It is possible to have books in your 
library which cover many phases of your 
industry completely and well. 


The books listed below do just that. 
Look them over and then write for com- 
plete details. We'll be glad to tell you 
more about them. 


Carburizing Symposium 

Open-Hearth Steel Making 

Engineering Alloys 

Book of Stainless Steels 

Physical Testing of Metals 

Steel Physical + sg Atlas 
Metallurgical Dialo 

Principles of Heat einen 

Tool Steels 

The Quenching of Steels 

Grain Size Symposium 

Application of Science To the Steel Industry 
Lectures On Steel and Its Treatment 

Heat Treatment, Uses and Properties of Steel 
Nitriding Symposium 

Constitution of Steel and Cast lron 

Inclusions In lron 


Metals Handbook 


address your inquiry to the 


AMERICAN SOCIETY 
FOR METALS 


7016 Euclid Avenue 
Cleveland, Ohio 
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ROLLS.. of every type 


and for every purpose 


The roll above, for a large steel company, is for cold mill use. 
grooved, 842"x 10"x33", made of Midvale special roll steel. 


Rolls are the key point in many manufacturing processes,— 


defects in them lower quality and selling price: failure may 
tie up your whole shop. 

Midvale has had experience in hardened and § ground rolls 
equalled by few firms in the whole world. We have made them 
for reducing practically every type of metal and know the 


: 
requirements of each. 


THE MIDVALE COMPANY -» NICETOWN PHILADELPHIA 


OFFICES: New York e Ch zo Pittsburgh ° Hash Cleveland 
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PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 

For 100% = ae mga hardness testing for metats the 
SCLEROSCOPE is used the world over, described in 
our bulletins 8-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use 
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ROTARY GAS CARBURIZER 


cal way to car 
burize is to use 


gas. 


When you carburize the A. G. F. Way with natural 
gas, propane or suitable city gas, it is quicker be- 
cause the retort stays in the furnace and remains 
hot from one charge to the next. There are no heavy 
boxes and compound to be heated with each fresh 
charge. Thus, the heating up time is greatly re- 
duced and therecfter, carburizing proceeds at the 


normal rate. 


Gas Carburizing is most economical in Rotaries 
and Verticals for the same reasons, and also be- 
cause of the small amount of labor that is required 


and many other inherent advantages. 


New equipment in numerous cases has paid for 
itself in less than a year, has reduced carburizing 


costs by 2c per pound or more, etc. 


If you are carburizing gears, crankshafts, bush 
ings, piston pins, bearing parts or any one of a 
thousand other parts, investigate the possibilities of 
Gas Carburizing the A. G. F. Way. 
suitable for clean 


These machines are also 


hardening, “Ni-Carbing”, nitriding, normalizing and 
annealing. May we send you a circular telling more 


about them? 
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